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PREFACE 


INT  radical  changes  in  railway  operation  have  occurred 
liii  recent  years  which  render  a  study  of  the  Design  of  Rail- 
ray  Location  a  luattor  of  vilul  iiiiportauce  iu  railway  cugincering 
kt  the  present  tiine.     Owing  to  these  changes  in  tra!T.c  and  opera- 
ig  conditions,  many  of  the  railways  of  the  country  ore  being 
jvised  and  relocat-ed,  and  exteimive  regrouping  and   rcarrange- 
lents  of  systems  have  been  made  and  others  will  probably  be 
[made  in  the  future.    These  facts  call  for  a  careful  study  of  the 
[.principles  that  affect  the  location  of  a  railroad,  and,  at  the  aamc 
[time,  the  more  complete  data  related  to  operation  now  avail- 
able jwrmit  a  more  exact  and  scientific  study  of  this  subject 
than  haa  been  possible  previously.     Tliis  volume  was  prepared 
[with  a  view  chiefly  to  the  work  that  is  being  done  in  this  con- 
nection, although  considerable  attention  is  devoted  lo  the  pro- 
I  jection  of  new  location. 

The  IkkiIc  18  intended  for  use  as  a  text  in  classes  iu  tceUnical 
'schools  rather  than  as  a  treatise  on  the  subjtvct,  although  it  is 
I  hoped  that  the  material  included  may  be  of  value  to  those 
I  eu^neers  engaged  in  practical  railroad  work.  It  has  grown  out 
»of  notes  prepared  for  the  author's  classes  in  railway  location  and, 
in  some  respects,  presents  an  outline  rather  than  on  exhaustive 
'treatment. 

The  basic  idea  in  the  prefmration  of  the  book  has  been  to 
[explain  and  develop  underlying  principles  rather  than  to  describe 
current  practice.  This  point  of  view  has  been  taken  in  order  lo 
enhance  the  value  of  the  lx>ok  as  a  text,  and  also  because  other 
books  Iiave  lieen  written  describing  in  detail  the  practical  pro- 
'Oedurc  in  railway  location.  The  fundamental  conception  of  the 
subjeet  is  IJiat  railway  location  is  es.sentially  a  problem  of  rational 
design  to  be  based  on  certain  physical  and  economic  principles, 
and  the  author  hoH  e-ndeavon-il  to  explain  how,  with  given  traffic 
and  operating  conditions,  the  transportation  plant  might  be 
designed  that  would  handle  the  traffic  most  safely  and  ecoDomi&- 


ftlly.  Considerable  space  is  devoted  to  the  elementary  prin- 
ciples of  railway  economics  in  order  that  the  student  may  com- 
prehend the  relation  of  fixed  charges  to  location,  for  economy 
of  transportaliou  depends  as  much  upon  fixed  charges  as  upon 
operating  expenses. 

An  attempt  has  been  made  to  give  credit  in  the  body  of  the 
text  and  in  foot-notes  to  the  sources  of  subject  matter  taken  from 
other  writings,  but  q)ecial  mention  should  be  made  of  the  monu- 
mcutat  work  by  Mr.  A.  M.  Wellington,  "  The  Economic  Theorj' 
of  Railway  I/ocation,**  which  had  such  a  marked  influe-nce  on 
railroad  building  during  the  latter  part  of  the  last  century,  and 
of  the  Proceedings  of  the  American  Railway  Engineering  Asso- 
ciation for  a  lai^  amount  of  information  contributed  and  col- 
lected by  its  coramilt<'es.  Statistical  data  have  been  abstra 
in  some  places  from  tlie  reiwrts  of  the  Interstate  Coramef' 
Commission  without  specific  reference.  The  object  has  been 
make  thi»  material  available  for  convenient  uae.  The  chii 
difficulty  has  been  to  condense  the  material  at  hand  into  the 
compass  of  a  reasonably  sized  volume,  and  in  order  to  do  so 
much  that  was  originally  included  has  been  omitted  and  other 
matter  has  been  rigorously  compressed.  The  relative  important 
of  the  topics  treated  has  been  kept  in  mind  and  an  effort  made 
to  proportion  the  discussions  accordingly. 

c.  c.  w. 
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IHTRODUCTION 

Historical  Review  of  Railway  Development 

Introduction.  No  othor  industry  in  the  United  States  has 
contributt><l  so  much  toward  the  development  of  the  country 
H-s  have  tb(i  railnjtids.  Ku  other  featurL'  of  its  civilization  is  ao 
intiraatoly  connected  and  intcrtwiiicfl  with  its  material  prepress 
as  are  the  railroads.  Until  these  highways  of  traffic  were  built, 
the  United  Slal«*  was  chiefly  a  small  Kroiip  uf  sti-UKKlii>K  com- 
monwealths along  the  Atlantic  Seaboard  with  a  few  gettlemcnts 
scattered  along  the  natural  waterways  of  the  country,  con- 
Ettitultng  in  all  scarcely  a  sucgcstion  of  tliat  Ininiensity  of  national 
as  well  as  commercial  growth  that  has  become  such  a  char- 
acteristic feature  of  the  nation's  history.  This  growth  was 
aimultaueniis  with  the  huildiii^  of  railroads,  the  two  being  closely 
connected  and  nmtualty  interdependent. 

With  the  exception  of  agriculture,  no  other  industrj'  in  the 
IlnitPil  RtalPH  at  the  present  time,  from  the  viewpoint  cither 
of  the  number  of  men  employed  or  of  the  omoimt  of  capital 
invested,  is  so  important  as  the  railroads^  nearly  two  million 
persons  being  employed  directly  and  immense  armies  of  men 
employed  indir<-ctly,  and  the  Uu\ie  sum  of  about  fifteen  billion 
dollars  representing  their  net  capitalization. 

Naturally  many  of  the  problems  of  railroad  building  and 
scr\'icf  are  those  of  the  engineer,  and  among  lliese,  that  of  the 
location  of  the  line  as  govemed  by  economic  and  physical  con- 
ditions is  the  first  and  by  no  means  the  least.  A  raih'oad  is 
located  by  fixing  its  aligimient  and  determining  its  gradients, 
each  of  which  procrases  is  a  complicated  problem  requiring  a 
careful  study   of  economical   and  physical  conditions  and  an 
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intimaU'  knowledge  of  railway  oporation  for  it*  solution.  Safety 
and  economy  of  operation  art  the  criteria  of  suorcssful  accom- 
plii^hmcitt.  The  intricacies  of  railway  financing,  organization, 
legislation  and  legal  status  of  carriers,  valuation  and  rate  making 
have  a  verj'  direct  l>earinK  on  many  of  the  larger  ciuestions  affecting 
location  and  should  be  understood  by  the  Im-atiug  engineer. 
The  first  question  to  lie  answered  is  whether  to  build  or  not  to 
build,  ami  this  should  be  determined  only  after  a  careful  study 
of  the  conditions  as  affected  to  a  great  axLcnt  by  the  factors 
al>ove  mentioned. 

i'robably  the  best  approach  to  a  study  of  The  Design  of 
Unihvay  Ivoralion  is  an  acquaintance  with  railroad  growth  of 
the  past.  Indeed,  a  thoroughgoing  study  of  the  history  of 
railway  development  would  Ih-  alti^ether  pi-ofilahle,  but  space 
will  admit  of  only  a  very  brief  historical  review  of  the  subject 
in  which  an  cfTort  vn\\  be  made,  not  only  to  relate  the  fact«, 
but,  HO  far  as  pnicticabie,  to  point  out  those  features  wJiicb  have 
had  a  iimrked  influence  on  the  railway  situation  of  the  present 
time. 

Early  Railroads.  The  first  railroad  of  which  there  is  any 
iTcord  seems  to  have  been  a  crude  affair  devised  to  facilitate  the 
hauling  of  eoal  at  the  mines  near  Newcastlc-on-Tync  in  Eng- 
land, about  Ihe  middle  nf  the  seventeenth  century,  ay  Rol>eit 
Stcvensort  states  that  it  was  in  use  there  Iwfore  167 1.  Tliia 
road  was  source!}'  a  suggestion  of  the  modem  railroad,  the  rails 
consisting  of  timlH-rs  laid  straight  and  the  curs  being  drawn 
l>y  horses.  The  scarcity  of  timlwr,  however,  le<I  to  the  intro- 
duction in  1757  of  flat  cast-iron  rails,  and  in  1789  "  edge  rails  " 
wore  fin^t  i-niployed,  which  necessitated  putting  the  flanges  on 
the  wheels.  In  1800  Benjamin  Ostram  made  the  impi-ove- 
ment  of  suppr>rling  the  rails  on  stone  instead  of  timbers,  and 
his  type  of  construction  became  known  as  "  Ostram  roads " 
or  later  as  "  Tram  roads,"  from  which  was  derived  the  modern 
tramway.  Malleable-iron  rails  were  introducetl  in  1808.  The 
gauge  adopted  from  the  first  was  1  ft.  8J  ins.  inside  to  inside,  as 
that  was  the  piwaillng  width  of  the  carriages  at  that  time,  which 
at  first  were  owned  l>y  the  public,  who  paid  toll  for  the  use  of 
the  rails.  The  hi-st  chartered  railway,  hfiwcver,  was  built  in 
England  from  Wandsworth  to  Croydon,  in  the  suburbs  of  London, 
in  the  year  1801.     Thus  in  the  very  dawn  of  the  century  was 
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l>ef;un  that  industry  which,  during  that  century,  was  to  play 
80  important  a  part  in  bringing  about  the  most  marvelous  material 
and  industrial  achievement  In  recorded  liuuuiu  history. 

Early  Locomotivea.  Althuugli  wagons  carrying  steam  en- 
gines whioli  would  travel  on  ordinarj'  roads  by  means  of  their 
own  power  had  been  built  by  Oliver  Evans  of  Philadelphia  in 
1801  and  by  Robert  Trcvithick,  a  Cornish  engineer,  in  I8()4, 
the  first  locomotive  constructed  to  run  on  rails  was  built  by 
William  Uedlcy  and  Timothy  Haekworth  in  1813.  This  con- 
sistctl  of  a  boiler  and  two  vertical  cylinders  and  was  dubbed 
"  Puffing  Billy."  George  Stephenson,  who  is  commonly  con- 
aidered  as  the  originator  of  the  locomotive,  finished  a  similar 
contrivance  the  next  year  and  continued  to  improve  his  invention 
until  it  actually  became  a  commercial  succ<'ss.  In  1822  he  had 
several  in  ujm;  at  the  Hatlon  Colliery,  wheit  he  was  chief  engineer, 
and  had  converted  the  tramway  into  a  steam  road.  The  opening 
of  this  tramway  as  a  steam  raihoatl  on  November  18,  1822,  was 
attended  by  a  very  large  crowd,  who  came  to  see  the  novel  mode 
of  Imuling  coal.  In  1815  Stephenson  invented  the  steam  blast, 
which  doubled  the  power  of  the  loeomotive,  and  ill  1816  in- 
vente-d  a  direct  and  simple  communication  of  power  from  the 
cylinders  to  the  driWng  wheels.  Thus  it  is  seen  that  the 
railroad,  as  it  is  known  to-day,  grew  from  two  distinct  ideas: 
first,  an  attempt  to  improve  highways  by  laying  rails  to  diminish 
tractive  reststance  for  horse-drawn  vehicles,  and  second,  t!ie 
invention  of  the  locomotive,  which  was  first  conceived  as  an 
automobile  l-o  travel  »u  ordinary  roads,  and  Stephenson's  con- 
tribution consisted  of  combining  the  two  ideas  as  well  &»  in 
developing  the  locomotive,  which,  as  a  matter  of  fact,  really 
antedated  his  efforts. 

The  discovery  (hat  really  fiunished  the  cue  to  the  use  of 
locomotives  (wmmercially  resulted  from  the  experimenls  by 
Blackett  in  1813  which  demonstrated  that  cars  could  be  pro- 
pelled along  a  Unc  of  rails  by  the  adhesion  of  smootli  wheels  to 
Hintnth  rails.  His  experiments  were  not  made  on  a  steam  lot^o- 
motive,  however,  but  on  a  sort  of  handcar  on  which  six  men 
operated  a  windlaws.  whose  nmtjon  was  comnumicatwl  to  the 
running  wheels.  It  was  found  that  the  adhesion  was  sufficient 
to  propel  the  car  without  causing  the  whwls  to  alip. 

Up  to  as  late  as  1S28,  however,  no  loconmtive  had  been 
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built  that  coalrl  do  raoiv  th&n  fwnprl  itaeU  up  in  "  aseeot  of  1 
in  96  at  the  rat^  of  10  miles  per  hour,  without  flngpng  any 
load  aft«r  it.  In  the  oouree  of  two  j-cars  after,  however,  sueh 
were  the  improvements  made  in  this  engine  that  it  rould  draw 
up  that  ascent  a  train  of  cars  weighing  with  their  freight  17 
tons  at  10  miles  per  huur."  *  The  other  rolUng  stock  was 
alau  liglit.  Freight  cars  carried  from  2  to  3  tons,  and  in  1831, 
on  the  Baltimore  and  Ohio,  it  required  a  train  of  eight  cars  to 
transport  200  barrels  of  flour,  the  loaded  train  weighing  28  tons. 

Railway  Beginnings  in  America.  While  the  credit  of  orig- 
inating railways  belongs  lo  Kngland.  it  is  interesting  to  note 
that  John  Stevens,  in  a  pamphlet  in  1810,  predicted  the  use  of 
steam  in  pnipolling  locomotivee  and  worked  out  {Jaris  for  euch 
a  locomotive  and  the  plan.t  and  cost  of  constructing  a  railroad 
on  which  it  niight  Im  oi>erated.  In  1812  he  pubU^hi^  a  pam- 
phlet entitled  '*  Documents  Tending  to  Prove  the  Superior 
Advantages  of  Uoilways  and  Steam  Carriages  over  Canal  Navi- 
gation "  in  which  he  kUI«h1  the  possible  speed  of  locomotives 
might  be  lUO  miles  per  hour,  but  that  it  was  probabk*  that  in 
practice  the  convenient  speed  might  be  20  to  30  miles  per  hour. 

The  carlicut  reconl  uf  railroad  building  in  America  wua  at 
Boi^ton  In  1807,  when  a  tramway  was  built  for  hauling  stones. 
On  subsequent  ruilromls,  a  plan  was  de\'is('d  for  driving  the  cars 
with  sails  and  niUKod  couitidcnLble  dlstrassion,  exiieriments  having 
shown  that  cDri^  could  be  driven  by  this  means  at  the  ral4-  of 
12  miles  per  houi-.  In  this  connection,  Mr.  W.  J.  McAlptnc 
makes  the  following  stjilciiient:  t  *'  Our  niost  worthy  PresidL-nl, 
Mr.  Horatio  Allen,  was  the  first  man  who  look  hold  of  a  lever 
to  run  a  locomotive  in  America;  and  1  was  a  small  boy  and  saw 
it  put  together.  It  was  cnllefl  the  Lion.  .  ,  .  Mr.  John  B. 
Jervis,  on  llie  Baltimore  and  Ohio  Kailron<l,  h«d  two  locomotives 
built,  one  by  (Jeorge  Stephenson  at  Ncwciisllc-on-Tync,  called 
the  John  Bull,  an<l  another  by  Governeur  K(!mbU-  at  West 
Point,  called  the  Brother  Jonathan." 

Mr.  Horatio  Allen  brought  the  first  locomotive  lo  America 
from  England  in  June,  1829.  On  August  8,  1821),  a  numbtT 
of  persons  were  invited  to  shq  it  stJtrt.  nn  the  road.  A  short 
distance  from  the  starting  point  the  mils  wen-  liii<l  over  a  trestle. 

*  lUiitswult's  "  Tnui^MrtaUon  H>-atuiiu  iu  llic  UuiUnl  States." 
t  Trans.  Am.  Soc.  C.E.,  Vol.  U,  p.  67. 
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As  Mr.  Allon  was  not  sure  aa  to  whether  the  tre$tle  would  hold 
the  locomotive,  lie  decided  to  ride  acrosa  alone.  "  Placing  his 
hand  on  the  throttle  valve  lever,  he  moved  oflf  amid  the  cheering 
of  the  spectators.  As  he  approached  the  bridge,  he  thought 
whether  it  were  more  prudent  to  go  slow  or  Taat;  instantly,  he 
decided  that  if  it  were  to  fall  it  would  do  so  at  what-ever  speed 
he  went,  and  he  might  as  well  go  down  handsomely,  so  he  put 
on  the  steam  and  disupix^ared  from  the  view  of  the  Hpeetators. 
That  was  the  fii-st  tnp  of  a  steam  locomotive  in  this  country."  * 
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Fig.  1.— The  "  Stourbridge  Lion." 

This  trial  occurred  at  Honesdale,  Pa.,  on  track  now  owned 
by  the  Delaware  and  Hudson  Canal  Co.,  and  the  locomotive  was 
called  the  "  Stourbridge  Lion."  See  Fig.  1.  The  total  di^t-ance 
run  was  3  miles  out  into  the  woods  and  buck,  making  a  total 
nui  of  n  inili^. 

Somewhat  later  in  the  same  year,  Mr.  Peter  Cooper  of  New 
York  made  a  ^mall  locomotive  which  was  a  distinct  improve- 
ment over  the  Knglii^h  lot^onintiveK,  in  that  it  wa»  constructed 
to  adapt  itself  to  curved  track  and  the  crank  that  had  Uwu 

•  Theodwv  Allen,  Trans.  Am.  Soc.  C.E.,  Vol.  II,  p.  61. 
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deemed  nnccjowr}'  ^°  convert  reciprocating  to  rotary  motion  was 
dispensed  with.  The  ontlre  locomotive,  called  the  "  Tom  Thumb" 
was  not  larger  than  n  handcar  and  did  not  weigh  more  than  a 
ton.  The  boiler  was  about  the  aize  of  a  kitchen  boilcx  and  stood 
upright  on  (he  far.  The  cylinder  was  only  SJ  inches  in  diameter 
and  the  speed  was  increased  by  means  of  gearing.  Natuial 
draft  waji  not  sufficient  to  keep  up  steam  and  as  yet  the 
blower  had  not  come  into  use,  consequently  Mr.  Cooper  resorted 
to  ft  fan  driven  from  a  drum  attached  to  one  of  the  car  wheels. 
Mr.  Cooper  invited  a  party  of  friends  to  ride  from  Baltimore 
to  P'llicolt's  Mills,  a  distance  of  13  miles,  and  on  that  trip 
demonstrated  that  the  locomotive  would  operate  on  curved  track 
with  case,  thus  settling  a  matter  bo  much  in  doubt  that  it 
cast  a  gloom  over  the  bright  prospect  of  steam  railroads.  The 
return  trip  was  ma4ie  in  57  minutes,  or  nearly  14  miles  per  hour. 
"  But  the  triumph  of  this  Tom  Thumb  engine  was  not  alto- 
gether without  a  drawback.  The  great  stage  proprietors  of 
the  day  were  Stockton  &  Stokes;  and  on  this  occasion,  a  gal- 
lant gray  of  great  beauty  and  power  was  driven  by  them  fnun 
town,  alrachod  to  another  car  on  the  second  track — for  the 
con^pany  had  begun  by  making  two  tracks  to  the  Mills  and 
Diet  the  engine  at  the  Relay  houBe  on  ita  way  hack.  Froni 
lis  foint  it  was  determined  to  have  a  race  home;  and.  the 
ut  Ijcing  even,  away  went  horse  and  engine,  the  snort  of  the 
one  and  the  puff  of  the  other  keeping  lime  and  time.  At  first 
the  gray  had  the  best  of  it,  for  his  steam  cmild  be  applied  to  the 
greatest  advantage  on  the  instant,  while  the  engine  had  to  wait 
until  the  action  of  the  wheels  had  set  the  blower  to  work.  The 
horse  was  perhaps  a  quarter  of  a  mile  ahead  when  the  safety- 
valve  of  the  imgine  lifte<l,  and  a  thin  blue  vapor  issuing  from 
it  ahowed  an  excess  of  steam.  The  blower  whistled,  the  steam 
blew  off  in  vapory  clouds,  the  pace  increased,  the  pxssengera 
shuntcfl,  the  engine  gained  on  the  horse,  soon  it  lappeil  him^ 
the  silk  was  applied — the  race  was  neck  and  neck,  nose  and 
nfvse— then  the  engine  passed  the  horse,  and  a  great  huirah 
hailed  the  victoiy.''  •  .At  this  point,  however,  the  blower  failed, 
the  fire  died  down,  the  engine  began  to  wheeze  an<l  pant,  and 
again  the  horse  was  able  to  gain  the  lead  and  finally  won  the 
race  into  towii. 

*  Lutiubc'fl  "  Tbc  BBliioiorc  oiid  Ohio  Ruilroad— Personal  RccoUcctioos." 


The  firet  commerciaUy  successful  locomotive  in  Animt-a  was 
"Old  Ironsides,"  the  firet  locoraotivc  built  by  Mr.  M.  W.  Bald- 
win, which  mailp  its  in'tttui  run  on  the  Pliiladelphia  and  Norris- 
(own  R.  R..  N'oveniber  23.  18;12.     .See  Fig.  2. 

The  incidents  related  above  indicate  the  first  crude  beginnings 
of  railways  in  America.  The  first  regularly  operated  railroad 
cajTj-ing  traffic  was  the  South  Carolina  Railroad  between  Charles- 
ton. Harbor  and  the  mouth  of  the  Oriskanyiliver.  The  loco- 
motive, "Best  Fricjid,"  a  C|ueer-looking  affair  with  an  upright  boiler, 
wooden  wheels  and  iron  lirps,  bad  been  built  al  tlir  Wiist  Point 
Foundry.     The  road  was  nominally  opcne<i  to  traffic  on  January 
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Fio.  2.—"  Old  Ironsides." 

15,  1830,  but  the  first  anmversar>'  of  that  date  witnessed  the 
real  eelebration  of  its  f>peniiig,  for  "Best  Friend"  was  not  com- 
pleted until  the  summer  of  timt  year.  Not  long  aftt-r  Ihc  wle- 
bratiou,  "Bent  Friimd"  waa  destroyed  through  the  ignorance  of 
the  negro  fireman,  who  held  down  the  safety  valve  Ijeeause 
its  continual  popping  off  annoyed  him.  It  may  t>e  staled,  in 
passing,  that  the  negn*  wua  probably  the  first  railroad  casualty 
victim  in  Ameriea.  In  I8:J-I,  this  ro:id  boasted  of  135  milej*  of 
track,  with  gnwics  not  exceeding  30  ft.  [kt  mile  and  ^vith  curves 
of  large  rudiua.  The  coet  of  the  line  was  less  than  S13,000  per 
mile,  in<.'hidinK  fquipnirnt. 

Early  Raih-oad  Trade    On  the  first  railways,  the  rails  con- 
sisted of  longitudinal  limbers  laid  on  cross-tica  or  on  sLooes. 
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Latf^T  cast-iron  rails  supported  at  the  joints  by  blocks  were 
introduced  uud  some  time  afterward  straps  of  irou  were  attached 
to  the  longitudinnl  limbers,  but  it  wa«  not  until  1789  that  "  edge 
rails"  were  employeti.  The  first  question  that  arose  in  cot, 
nection  with  the  shaping  of  a  special  rail  was  whether  the  flaii 
for  prevenlinR  derailrnriit  should  be  on  the  rail  or  on  the  whei 
Fig-  3  (p)  shows  an  old  Hange  rail,  called  a  (ram  plate,  the  flange 
sometimes  being  placed  on  the  out^ude  and  sometimes  uu  the 
inside  of  the  rail.  Tliis  type  was  superseded  by  the  "  edge 
rail,"  or  a  bar  of  iron  placed  edgewise,  and  with  this  improi 
ment  the  tramways  became  railways.  Some  of  the  forms  giv( 
to  early  rails  are  shown  in  Fig.  3,  Section  (<)  being  a  French 
section,  (/)  American,  and  the  remainder  English.    Thc&e  sec- 
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Fio.  3. — Early  Railroad  liuild. 


tions  indicate  in  a  general  vay  the  evolution  of  the  mode 
T-rail,  which  waa  invented  by  R.  L,  Stevens,  Chief  Engine 
and  President  of  the  Camden  and  Ani})oy  Railroad. 

Many  railroadK  in  the  iK'ginning  adopted  the  plan  of  ph 
tlie  rails  continuously  on  longitudinal  sleepers,  called  the  " 
tinuous  Waring  system,"  but  most  roads  adopted  the  plan 
supporting  the  rails  at  intervals  in  iron  chairs  that  rested  on 
transverse  sleepers,  although  in  some  instances,  the  chairs  were 
placed  on  blocks  of  stone. 

The  split  switch  was  an  early  invention  and  was  built  In 
essentially  the  same  form  as  is  found  to-day.  By  means  of  H, 
railroiul  tracks  were  enabled  to  branch  fn>in  another  line. 

As  stated  before,  the  gauge  of  track  adopted  from  the  first 
had  been  4  ft.  S|  ina.,  iKcause  that  was  the  width  of  tread  of 
moat  of  the  carnages  to  be  hauled  f>ver  the  mads.     When  special 
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cftrrioges  Imfl  I)een  roust  rue  lc<],  howpvor,  smue  question  arose 

tfts  to  the  proper  width  of  pauge.  Mr.  Jonathan  Knight,  Chief 
Engineer  of  the  Baltimore  and  Ohio  Railroad,  made  an  rlaborate 
mathematical  analysis  of  the  pmblem  from  which  he  concluded 
that  4  ft.  9J  ins.  was  the  proper  width  of  (cau^e.     Thip  analysis 

•  was  based  on  certain  assmiiptions  as  to  thameter  of  wheels, 
height   of  center  of  gravity,  proiwr   play  between   wheel  and 
rail,  etc.,  none  of  which  were  uniform,  and  very  naturally  dif- 
1      ferent  roads  and  different  countries  adopted  various  widths  of 
B  gauge.     Later,  when  the  inovenienl  toward  making  counections 
between  roads  became  general,  a  fierce  strife,  sometimes  called 
'      "  the  battle  of  the  gauges,"  arose  over  which  gauge  should  be 

■  adopted   as   standard.     This    led    to   a   governmental     inquiry 

■  in  1846  on  the  Iwisis  of  which  the  present  standard  gauge  of 
H  4  ft.  8|  ins.  yvtm  adopte^l. 

H  Operating  Conditions  on  Early  Railroads.  The  crudities  of 
H  oj>eration  on  the  early  railroarls  were  entirely  cotimiensurate 
H  with  the  character  of  the  track  construction  and  the  equipment. 

■  At  first,  the  engineer  collected  the  passenger  fares  aiid  the  fin-man 
H  fmndled  the  baggage  and  local  freight.  There  was  no  con- 
V  duetor,   although   later,   iniimrtanl   trains  were  in  charge  of  a 

responsible  nffirer,  called  the  captain  of  the  train.  His  position 
was  analogous  to  that  of  the  captain  of  a  sailing  vessel,  being  in 

»  responsible  charge  of  the  tiuin's  movements  and  of  its  paHAcngers 
and  cargo  throughout  the  journey  of  somewhat  uncertain  dura- 
'  lion.  Karly  minutes  of  the  meetings  of  the  board  of  directors 
of  the  Michigan  Central  Kailroad  as  well  as  of  others,  show 
that  the  train  captain  or  conductor  was  elected  by  ballot  of 

•  the  boanl.     Trains  iwually  put   up  for  the  night  a.s  had  Itecn 
the  custom  of  the  old  stage  coach.     ITeadlights  were  firet  intro- 
duocd  on  the  Boston  and  Worcester  in  1840,  and  previous  to 
H  that   time  night  uptnilinn   wu^  commonly  efTcrted  by  pushing 
H  a  car  ahead  of  the  engine  on  which  a  fire  wa«t  kept  burning, 
H       The  telt^aph  was  not  in  use  for  railway  service  until  1850. 
There  was  no  steam  whistle  or  liell.     Strict  adherence  to  the 
time  sche^lule  was  alwiut  the  only  method  by  which  trains  could 
Hbe  safely  operated  and  on  account  of  the  frequent  deraiimcntd 
and  other  accidents  complete  satisfaction  did  not  result.     On 
busy  roads,  locomotives  were  kept  in  readiness  with  steam  up 
prepared  to  go  to  the  rcUcf  of  belated  trains.     When  the  reli^ 
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engine  startod  out  to  meet  the  delayed  train,  there  was  no  knowing 
wiietlier  the  hitter  would  be  fuuud  around  the  lirsl  curve  or  20 
inilea  away,  for  the  only  knowledge  to  Iw  had  at  headquarters 
was  that  the  train  had  not  arrived  on  schedule  time.  There- 
fore, ou  smgle-traek  ruad,  it  was  necessary  to  flag  around  every 
curve. 

The  railroads  generally  earned  more  from  passenger  fares 
than  from  friiglit.  The  freight  rat^'M  were  no  high  that  many 
ftrtirles  now  transported  over  the  railways  could  not  Ijear  the 
cost  of  the  movement.  On  the  UaUimore  and  Ohio,  the  freight 
rale  was  C  tvnls  per  ton  milu  and  the  Peterslmrg  Itujlroad  in 
Virginia  was  forbidden  by  its  charter  to  charge  more  than  12J 
cents  per  ton  mile.  In  1840,  tUv.  flour  rate  from  Pittsburg  to 
Philatlelpliia  was  $1.5.^  per  liarrel,  wlu<rh  amounlfd  tii  a  little 
more  than  4  cents  per  Ion  mile.  The  flour  rate  on  the  Michigan 
Central  in  18:^  was  12J  ecnta  per  ton  mile.  The  passenger 
fares  on  tiin  Michigan  Stat*-  Railroad  in  IS40  was  8  ceuta 
per  mile,  while  the  Central  Hailroad  and  Banking  Company  of 
Georgia  was  forbidden  by  its  charter  to  charge  more  than  5 
cents.  In  18:)7  the  following  rates  were  hi  effect  for  passenger 
service;* 

Baltimore  and  Ohio 3  cents 

Baltimore  and  Washington 6  cents 

Boston  and  Providence 5  cents 

BoHton  ami  I^w«^ll 3§  cents 

Mohawk  and  Hudson 5  centa 


When  a  movement  became  general  to  operate  through  trains 
by  connecting  various  short  lines,  much  difficulty  arose  con- 
cerning the  choice  of  gauge  and  other  matters.  At  Erie,  Pa., 
a  serious  strife  occurred  lasting  over  a  year  in  which  the  towns- 
people bitterly  opposed  uniting  the  two  roads  which  passed 
through  that  city,  on  the  grfnind  that  Krie  wimltl  1)c  changed 
from  tJie  imixirtant  statuH  of  a  terminus  to  that  of  a  way  station 
and  that  the  hotel  and  bus  busint'ws  would  be  ruined. 

Whatever  Ihc  diniculfies  attendant  uimjii  early  railroading 
there   were   some   who  foresaw   the    remarkable   influence   the 

*  Iliopralt'ii  "  Development  of  Tran«|Mrtatton  Byatvirut  in  the  United 
States." 


RAILROADS  OVER  THE  ALLEGHENIE8 

building  of  such  railways  was  to  have  upon  the  development 
of  the  country.  On  July  4,  1828,  when  the  venerable  Charles 
Carroll  of  (^arrolllon,  iMd.,  Ihc  only  survivor  at  that  time  of 
the  tiignens  of  the  Dnclaratioti  of  Irulependenre,  "  !aiH  the  first 

H.8tone"  in  the  construction  of  the  Baltimore  and  Ohio  Railroad, 
he  turned  to  some  of  his  friends  and  remarked  that  he  con- 

I      sidenxl  that  one  of  Ihr  prcatejit  arts  of  his  life,  second  only  to 

ItJie  sigTiing  of  the  Declaration  of  Indepcndcnoo,  if  indeed  it 
were  wcond  to  that. 
Railroads  over  the  AUeghenies.  Previous  to  the  middle  of 
the  nineteenth  century,  the  railroads  were  chicflj'  in  the  cxpcri- 
nii'htal  stage  and  did  not  exercise  any  great  influence  on  the 
rilevelopmont  of  the  countrj-.  There  was  practically  no  inter- 
state traffic  as  it  existjt  at  the  present  time.  There  were  but 
two  transportation  rcmtea  fniin  the  Central  Wejit  t«  the  Atlantic 
seaboard,  viz.,  the  Erie  Canal  and  the  state  route  through 
Pennsylvania.  The  latter  comprised  the  Columbia  and  Portage 
railroads  and  ronsisted  of  part  ranal  and  part  railroad.*  The 
Columbia  road  extended  from  Philadelphia  to  HolUdaysburg  at 

I  the  eastern  base   of  the  mountains,  while  the  Portage  railroad 
extended  from  Pitl,'ibnrg  to  Johnstown  at  the  western  base  of 
the  mountains.    The  former  con.-^istfd  of  a  railroad  along  the 
Susquehanna  from  Philadelphia  to  Columbia  (82  miles)  and  a 
canal  from  Columbia  to  Hollidaysbiirg  (172  miles).    The  latter 
I      consisted  of  the  Portjigc  raihoad  from  HuUidaysburg  to  Johns- 
K^town   (36  miles)   and  the  canal  from  Johnstown   to  Pittsburg 
(104  miles).    The  Portage  railroad  over  the  range  of  mountains 
was  one  of  the  wonder  of  the  time,  consialing  of  eleven  levels 
and   ten   inclines.      While    tlie  Portage   railroad   accomplished 
the  muclwlesired  end  of  ronnecting  the  waters  of  the  Ohio  and 
Delaware  rivers,  yet  it  proved  to  be  too  slow  and  cumbersome 
and  too  expensive  to  meet  the  demands  of  the  trade.     It  was 
in  operation  from  1834  to  18.54  and  rctst  (he  state  of  Pennsyl- 
i     vania   Mi  million  dollars  to  construct  it.    The  annual  traffic 
^bver  the  Porl-iige   route  was  a)>out  20.000   ionn,  whereas  that 
^over  (he  Frie  Canal  w»s  I,(KH».OfKl  If.  2,000.(MM)  tons. 

In  182S  the  Halliiuore  and  Oluo  was  begmi  with  the  hojw  of 
bringing  tlie  trafHe  from  the  Mississippi  valley  to  Baltimore, 
but  the  road  was  not  completed  until  1852.  Before  the  middle 
•The  "Pennsylvania  Railroad,"  W.  B.  Sipcs. 
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of  the  wntury,  therefore,  the  immifn^nts  that  passed  over  the 
mouulaiiis  for  Ihc  most  t>art  had  done  so  by  means  of  horses 
and  wagoiifi.     Npvprthelp8s  the  rich  Uindii  of  the  valleys  west 
of  the  Allf^henies  had  w)  filled  up  that  the  center  of  popula- 
tion moved  westward  from  Baltimore,  where  it  was  in  1790,  to 
a   point   west    of   the    mountains  in    IR40.     In   conseipience  of 
this  increase  in  population,  a  large  amount  of  grain  and  other 
produce  had  to  l>e  sent  to  the  eastern  ports.    This  had  vc 
naturally   followed  the   water  route  via  the  Great   Lakes  a 
the  Krie  Canal.     In  1842  a  railroad  was  openetl  between  Albany 
and   Buffalo;    in   1848  one  wus  completed  from  Lake  Erie  to 
Cincinnati;    the  Cleveland  and  Pittshun:  w-as  put  into  ope: 
tion  in  1852  and  a  line  was  opened  between  Buflfalo  and  Tol 
the  next  year.     The  Afirlu^an  Central  and  the  MichiKan  Soiilhern 
were  opened  in  1832.     In  1851  the  Hudsfin  River  Hailroad  was 
opened  and  the  Erie  was  completed  between  the  UudHon  and 
Lake  Krie.     The  Pennnylvania  reached  the  Ohio  Kivcr  in  18{|^H 
as  did  also  the  Baltimore  and  Ohio.  ^H 

About  this  time  the  railroads  bcj^an  to  compete  with  the 
cnnalH.  In  onler  to  pntlei-t  the  Krie  Canal,  all  freinht  over 
the  New  York  Central  lliulroa*!  was  subject  to  canal  lolls  at 
first.  However,  when  the  Erie  was  completed,  the  former  rail- 
road was  relieved  of  its  burden  of  canal  tolls,  and  then  from 
1853  to  18r)9,  there  was  a  fight  for  supremacy  between  the 
railroad  and  the  canal  which  resulted  iu  the  railroad's  prae- 
tically  vanquishing  its  rival. 

The  successful  competition  of  the  railroads  with  the  canal 
marked  the  beginning  of  the  expansion  and  development  of 
the  inli-rior  country  by  the  railroads.  Tlie  Pennsylviuiia  Rail- 
road was  extended  to  Chicago  in  1858  by  the  completion  of 
the  Pittsburg,  Ft.  Wayne  and  Chicago  K.  U.  Between  1850 
anil  I8tW)  Ihe  railroad  mileage  of  the  country  incn-jiscd  240 
per  cent.  In  the  same  decade,  the  center  of  population  moved 
westwani  81  mihw,  the  greatest  stride  it  has  ever  made.* 

In  all  lhi«  building,  one  feature  stands  out  prominently 
even  iu  a  most  eiusory  glance  over  the  history  of  American 
niilnjads,  namely,  the  railroads  from  the  first  were  built  from 
the  sealioard  toward  the  interior.    Thuir  promoters  lost  very 

•  "  Rnilwav  DcvTioimtcnt  in  the  Uoited  Statw."  W.  D.  Taylor.  Trsus. 
Am.  Soc,  C.E .  Vol.  LXXIV,  p.  M. 
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Httlp  effort  in  attemptinjic  i<i  porallol  i\w.  coast  line,  thereby 
entering  in(o  com|)eiition  wilh  ni:iriiu'  shipping.  Moreover,  one 
of  the  chief  fuiu'tions  of  tlu-  early  railrou.*!  iis  well  us  of  those 
of  to-day  was  Lo  biiiig  the  produce  fnjtii  the  interior  to  the 
coast    cities,    con«;queiil!y,    thfv    nut  nrally   slrui^k    off   directly 

■  toward  thow  parts  wiiieh  the  w;tt<'rwayd  ihd  not  reaeh. 
Railroads  in  the  Central  West.  Previous}  to  the  year  1851 
when  the  Hock  iHlariil  liuilroad  reached  the  Mintsiijuiippi  liivej, 
the  produce  from  the  region  l>eyond  that  stream  as  well  us  that 
along  the  streams  tributary  to  it  had  reached  shipping  ports 
by  way  of  thp  Hvers.  Tlie  Rfurk  Island  wu.s  whhi  followed  by 
the  Galena  and  Chicago  Union  (Chicago  and  Northwestern), 
the  Ctkieago  and  Alton  in  1855  and  the  Chicago,  Burlington 
and  Quincy  in  18.56.  In  the  North,  the  Milwauktw  and  Prairie 
du  Chien  and  the  Milwaukee  and  La  Crosse,  built  in  1857  and 
1858,  res|x'ctively,  connected  the  Missiiiisippi  River  with  Lake 
Michigan.  The  IllinoiB  Centra!,  which  waa  built  to  develop 
the  prairies  of  Illinois,  operated  its  first  train  in  1856.  In  plan, 
it  resembled  a  great  Y  with  tlie  end  of  iti*  right  prong  at  Chicago 
and  the  end  of  the  left  prong  at  Dubuque,  Iowa,  and  the  end 

»of  the  steui  at  Cairo  at  the  juncTion  of  the  Ohio  and  Mississippi 
rivers,  the  fork  being  at  C^inlnilia.  Its  object  was  to  l>ring 
traffic  to  Chicago  to  Iw  sent  eastward  over  the  Great  Lakes, 
but  by  the  time  it  was  completed,  the  business  of  the  lines  ex- 
tending eastward  had  grown  to  such  proportions  ttiat  the  pros- 
pective traffic  did  not  materialize,  and  consequently  the  real 
pros|}crity  of  the  line  was  (lelayed  until  Chicago  itself  became 
B  priniarj'  nuirkct  and  other  extensions  of  the  road  had  been 

Hmade. 

™  Mr.  J.  J.  Shipman,  Chief  Engineer  of  the  Alton  and  Sangamon 
Railroad  (Chicago  and   Alton),  in  reporting  on  the   proposed 

I  location  in  I8n2,  gave  an  unusually  lucid  and  comprrhcnsive 
Analysis  of  the  probable  future  of  the  road,  from  which  a  few 
brief  paragraphs  may  be  extracted,  since  they  portray  so  well 
the  railway  situation  existing  at  that  time.* 

*'  In   looking   at   the   pros[XH.'tive   buBiness  of   the    Western 

Hoadj  we  beUeve  a  mudi  more  correct  estimate  can  l>e  found 

of  its  extent  from  a  giMienU  view  of  the  pro<iuctivenesH  and 

vDoarse  of  trade  in  that  section    than  from  the  mo6t  elaborate 

H  * Truis.  Am.  Soe.  CC,  Vol.  LXXIV,  p,  147. 
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compilation  of  statistics  drawn  from  rasttng  datA.  T1h>  amounl 
of  pnxluctiuu  and  Ihc  exu-iit  of  mo\'eineut  uf  properly  are  uow 
subordinate  to  the  meoRt  of  traiiBpoiiaUoa.  Some  of  the  most 
fertile  portiorifi  of  Illinois  are  now  valueless  sin^ply  for  the  want 
of  a  stiitablt:  outlet  tu  a  market.  Many  seclious  that  are  destined 
to  be  the  most  flourishing  are  still  covered  with  forests.  Is 
many  portions  of  the  state,  the  surplus  of  grains  will  not  bear 
the  cost  of  carriage  to  uavigable  watc^rs.  The  rivers  uf  Illinois, 
the  present  route  of  commerce,  though  invaluable  In  the  absence 
of  railroads,  arc  for  a  considerable  portion  of  the  year  not 
available  for  transportation .  From  the  rumiuercc  tiiat  has 
already  been  devrioped,  we  can  form  but  a  faint  idea  of  what  is 
to  come,  when  the  suitable  means  and  instruments  have  been 
pronded." 

In  attempting  to  form  a  definite  estimate  of  the  probable 
trafEc,  Mr.  Shipiuaii  stated:  "  Making  the  appHcation  with 
the  sul>stitution  of  22  inhabitants  to  the  squan^  mile  tuHlead 
of  15  (which,  under  the  census  of  IS50,  we  find  to  the  square 
mile  aloni;;  the  Alton  and  Springfield  Itailroad),  and  wc  have 
the  following  result:  I^ength  of  road,  72  mile^.  NmnlxT  of 
square  miles  within  15  miles  of  the  road.  21G0;  population, 
50,160 — farmers  engaged  in  cuUivaliim  of  the  soil,  8300;  com 
produced,  ]2,5-IO,(KXJ  bushels;  estimated  amount  of  com,  or 
its  equivalent  to  pass  on  the  road,  3,573,333  bushels; — or  G6fi} 
to  the  family,  and  atnounting  to  Iti7,5:i5  tons,  wliieh  at  four 
centa  per  Ion  \ut  mite,  averaging  the  transportation  at  one-half 
the  length  of  the  road,  38  miles,  at  St.52  pi^r  ton.  will  yield 
a  revenue  of  *254,503.20.  .  .  . 

"  The  local  travel  of  the  same  population  will  be  an  item 
of  some  importance.  They  must  l>e  considerably  scattered  and 
if  they  associate  at  all,  they  mtist  use  the  road.  liach  head 
of  a  family  averages  live  journeys  of  fiO  miles  each,  or  300  miles 
per  atiniini,  for  the  whole  household.  It  will  cause  the  road 
to  carry  one  passenger  18,000,000  miles,  which,  at  3  cents  per 
mile,  is  $540,(J00.  This  wotdd  amiiuiit  to  $!>  for  each  family  per 
annum.  If  wc  reduce  it  one-half,  there  can  be  no  doubt  of 
the  other  half  boinK  niadc  up  by  the  other  local  passenger  and 
fn*ight  buKiness,  i^uch  as  thuKc  living  williout  the  limit  of  12 
miles,  of  citizens  of  other  states  visiting  the  stations,  and  the 
thousands  of  trips  from  the  termini  to  tlio  interior.     It  scema 
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safe  thpn  to  let  this  item  stand.  Applying  this  estimate  to 
tho  8:^60  families  on  the  line  of  tho  Alton  and  Sangamon,  and 
we  have  a  revenue  of  $75,240  from  this  source."  .  .  . 

"  In  conchision,  I  have  thought  it  would  bet  desirable  to  place 
before  our  Storkholders  a  brief  ^-iew  of  the  various  roads  under 
construction  or  in  eontiMiiplution,  which  will  exercise  an  influence 
on  the  prosperity  of  the  stHt4i,  and  neeessarily  upttn  that  of 
our  road8.  So  far  &n  competition  may  or  does  exist,  I  con- 
sider it  salutar}'  anil  tending  to  the  prosperity  of  all  the  different 
corporations,  who  will  \tc  iiuiM'llc.cl  to  do  btfttcr  w^rvice  to  the 
public,  and  thus  secure  more  permanently  their  own  interests 
than  they  would  otherwise  be  induced  to  do.  .\n{l  it  is  <HTtain 
thai  Rurh  rivaLship,  though  stihitjir\',  must  exist  more  in  appear- 
ance than  in  fact,  for  the  natural  increase  in  business  and  wealth 
fn'OwiuK  out  of  the  eoustruclion  and  operation  of  these  roads, 
together  with  the  inercase  in  popuhition,  will,  by  adding  to  the 
general  prosperity,  benefit  the  whole. 

"  On  reference  to  the  outline  map  herewith,  it  will  \w  per- 
ceived that  at  Springfield  we  connect  with  the  Sangamon  and 
Morgan  Uailroad,  which  has  for  acvcral  years  been  in  active 
and  pn)filablc  «[K*rat.ion,  a  distance  of  57  miles.  In  A<ldition 
to  the  local  business  at  Springfield.  I  think  we  may  look  for  a 
large  business  from  the  thriving  farmers  along  the  line  of  the 
mad,  as  well  as  from  the  lieautiful  and  populous  village  of  Jack- 
sonville and  its  vicinity.  The  surplus  crops  of  the  vicinity 
are  determined  north  or  south  as  the  market  rules.  For  a 
southern  market,  tliey  would  find  il  for  their  interest  to  send 
over  our  road  to  .\lton  and  St.  I^uis,  and  for  a  northern  market, 
by  our  road  to  Bloomington,  and  (hence  by  the  Central  Railroad 
and  the  Hock  Island  lUilrond  to  Chicago;  freights  in  return 
would  takn  tlie  some  course,  and  wc  should  contribute  as  much 
to  the  business  of  the  road,  if  not  more,  than  they  would  obtain 
otherwise.  At  the  western  end  of  the  Sangamon  and  Morgan 
niad,  the  exti^nsion  towanl  Quincy  ia  under  contract  for  some 
30  miles;  and  its  early  completion  may  be  expected.  East- 
ward from  Springfield,  following  the  old  line  of  the  Northern 
Cross  Railroad,  arrangeni:;:ii3  are  in  progress  to  enable  a  con- 
nection to  be  made  with  the  Central  Railroad  at  some  con- 
venient point.  I  feel  quite  certam  that  this  design  will  be  carried 
out,  and  doubt  not  we  shall  receive  a  large  addition  to  our 
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business  from  it.  It  seems  that  so  far  as  the  oourw  of  busi- 
ness will  be  affectfld  by  thp  opening  of  our  road  lo  Springfield, 
it  will  reverse  the  direction  of  the  business  on  the  Sangamon 
and  Morgan  Railroad,  so  that  the  balance  of  the  business  will 
tend  towards  Sprinpfirhl  rather  than  to  the  Illinois.  Among 
other  reasons  for  this  belief,  it  may  Iw  rcmemlwred  that  the  time 
frutn  Springfield  to  St.  Louis  is  now  by  railroad  and  steam- 
boat thirty-four  hours;  on  the  opening  of  our  road,  it  would 
not  exceed  five  hours.  If  the  Sangamon  and  Morgan  ropi 
should  carry  their  tmsscugcrs  for  nothing,  they  would  slill  have 
19  hours  against  them.  .  .  . 

"  Following  our  Une  to  Pekin  and  Peoria,  we  find  the  only 
crossing  on  the  Illinois  by  a  bridge;  and  having  crossed  it, 
we  unite  with  the  Peoria,  Burlington  and.Oquawka  Railroad, 
through  the  center  of  the  Military  Tract,  one  of  the  richest  and 
most  thickly  settle<3  portions  of  Illinois.  In  addition  to  this, 
following  the  line  of  the  Illinois  River  northward,  wo  command 
(be  business  on  both  sides  of  this  river  for  GO  miles.  I  hesitate 
not  to  say  this  because-  wc  are  nearer  St.  Louis  by  4.3  miles  of 
distance  and  15  hours  in  time,  than  by  the  river  in  the  best 
stage.  The  average  charge  for  freight  will  be  less  than  the 
beet  steamboat  rates,  one  se^ison  with  another.  This  is  a  matter 
which  Ls  susceptible  of  demonstration.  Omitting,  therefore,  all 
lines  which  may  be  said  indirectly  to  connect  with  us,  we  may 
consider  the  connections  formed  by  our  extended  lines  as  equal 
to  663  miles.  If,  then,  the  reasoning  in  the  prefatory  remarks 
to  this  n-^port  is  rcliabk^  every  foot  of  this  pxtended  line  will 
be  fully  and  profitably  engaged,  and  the  main  branches  where 
the  trade  will  eoncentrnte  wilt  be  compelletl  to  make  arrange- 
ments for  the  transaction  of  a  business  unparalleled  for  its  im- 
portance and  extent  in  the  hisloiy  of  conimcrce." 

The  map  referred  to  by  Mr.  Shipman  shows  the  railroads 
built  and  building  in  Illinois  in  1S51,  and  includes  the  entire 
state  of  Illinois,  which  may  lie  termed,  not  at  all  improperly, 
the  heart  of  American  railroad  systems  of  the  present  day.  The 
following  roads  arc  shown  ou  this  map: 


Galena  &  Chicago  R.  R. 
Rock  Island  R.  H.  .  . 
Burlington  &  Peoria  R.  R. 


183  miles 

about  110     " 
02     " 
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Sangamon  &  Morgan  R.  R.,  extending 

from  Quincy  to  SpriufffieUI 115  railfis 

Alton    <fe    Sanpaninn    R.    K.,    extending 

from  Alton  to  Springfiold 72     " 

In  the  growlh  anrl  ilovrlnpmcnf.  of  thi'  entire  Middle  West, 
the  railroads  played  an  extremely  important  part,  as  is  indi- 
cated by  the  report  of  Mr.  ^hipman. 

Transcontineatal  Railroads.  Mining  operations  in  California 
and  in  Colorado  gave  a  great  inipetuR  to  the  westward  march 
of  tUc  army  of  settlers  and  explorers.  Even  when  railroad 
liuilding  was  in  its  infancy  in  the  Eniitt  and  Middle  West,  towns 
and  colonies  of  conBiderablo  size  were  flourishing  in  these  west- 
ern regions.  By  irrigation  where  necessary,  the  hardy  pioneers 
were  producing  their  own  food  supply  and  were  bringing  cloth- 
ing and  other  needed  articles  overland  by  stage.  Vei-y  few 
dreamed  that  the  railroads  would  soon  be  pushing  westward 
over  the  plains,  through  the  mountains  even  to  the  coast. 
Indeed,  it  was  freely  predicted  that  the  absence  of  tinilxrr,  the 
prevalence  of  deep  Knows  and  many  other  obstacles  would  lie 
insuperable,  However,  as  early  as  1832,  a  writer  in  The  Emi\,TmU,  "7 
at  Ann  Arbor,  Mich.,  with  profound  apologies  for  suggcHling  ^ 
so  viflionarj'  a  scheme,  proposed  the  construction  of  a  rail  rout* 
up  the  Platte,  along  the  Snake,  and  down  the  Columbia  rivers 
to  the  Pacific  Coast,  a  route  that  was  followed  to  a  gn^at  extent 
by  the  Union  Pacific  when  it  was  constructed  thirty  yejim  laU^r. 
During  the  decade  prior  to  1850,  when  railroad  agitation  wa« 
rife,  Mr.  Asa  Whitney,  a  wealthy  New  York  niercbanl,  urged 
the  building  of  a  Pacific  railroad.  He  made  numerous  explora- 
tions at  his  own  expense  and  memorialixed  Congren  repoatcdly 
on  the  subject.  He  had  spent  some  years  in  China  and  haw 
clearly  the  advantages  resulting  from  opening  up  a  route  directly 
from  the  Oriipnt  to  the  east  coast  of  the  ITnileiJ  States.  Mr. 
Whitney  spent  his  entire  fortune  in  promoting  the  enterpriwe 
and  later  had  to  peddle  milk  in  the  city  of  Wanbington  for  a 
living.' 

While  Mr.  Whitney's  eflortii  brought  nothing  but  diMip- 
pointment  and  poverty  to  hirriself,  (hey  went  mit  in  vain,  for  lie 
greatly  interested  the  people  generally  in  the  acbeme.  Om 
*  "  The  U&ioD  Pacific  Railway/'  J-  P-  Dftvii- 
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magaziiie  stated  in  1854  that  "  exploration  has  convinced  every 
one  that  there  are  several  ways  of  ronnecting  the  Atlantic  and 
the  Pacitic  by  ordinary  railwa>*s.  The  olwtacle  to  be  surmounted 
is  not  the  location  of  a  route,  but  what  route  to  choose  of  the 
number  already  UM-aled." 

The  chief  difficulty  lay  not  so  much  in  the  topography  of 
the  land  as  in  the  unproductiveness  of  the  region  to  be  traversed 
and  in  the  great  distance  over  which  supplies  and  materials 
had  to  be  transported.  To  stimulate  the  undertaking,  the 
Federal  Government  offered  a  Liberal  bounty  in  money,  amount- 
ing to  $30,000  per  mile  of  Une  and  a  grant  of  land  of  every 
alternate  section  for  20  miles  on  either  side  of  the  right  of 
way.  Two  companies  accepted  the  conditions  offered  by  the 
Government,  the  Union  Pacific  lx*ginning  at  Omaha,  Nebraska, 
and  extending  westward,  and  the  Central  Pacific  commencing 
at  San  Francisco  and  building  eat<tward.  The  Pacific  Railroad 
bill  in  it-s  final  form  passed  Congress  in  I8t>4,  work  was  l>Bgun 
at  San  Francisco  the  same  year  and  at  Omaha  two  j'cars  later, 
and  the  entire  road  to  the  coa^t  wiis  finished  by  the  meeting 
of  the  lines  at  Promontory  Point,  Utah,  May  10,  1869.  The 
Chicago  and  Northwestern  had  completed  its  hne  to  Council 
Bluffs  from  Cliicago  in  1S67,  consequently,  upon  the  joining  of 
the  two  Pacific  railroads,  a  rail  route  extended  from  New  York  to 
San  Francisco. 

In  contemplation  of  the  Pacific  Railroad,  tJie  Government 
had  made  surveys  in  1852-4  of  possible  passes  over  the  mountains. 
The  engineers  in  charge  of  these  surveys  reported  that  five  pos- 
sible routes  were  open.  Since  that  time,  these  have  lieen  occupied 
as  follows,  m  ordt-r,  beginning  with  the  farthest  north:  Northern 
Pacific,  the  Union  Pacific,  the  Denver  and  Rio  Grande,  the 
Atchison,  Topeka,  and  Santa  Fe,  and  the  Southern  Pacific. 
The  Northern  Pacific  was  thartenKl  in  18tV4  and  completed  in 
J883  after  a  desjK'rate  financial  Rtruggle.  The  .Southern  Pacific 
established  a  through  route  in  1882  by  connecting  its  line  from 
San  Francisco,  which  had  Ujcn  organixed  as  a  subsidiary  line 
to  the  Central  Pacific,  with  the  Texas  Pacific  near  El  Paso. 
The  Atchison  and  Topeka  U.  R.  was  chartered  id  1859  and 
was  develojiccl  hs  an  :igricullural  rimil  in  Kjinsjis.  Later  it  waa 
extended  along  the  old  Santa  Fu  trail  up  the  Arkansits  River 
and  over  the  Raton  Mountains,  at  which  time  its  name  waa 
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changed  to  the  Atchison.  Topcka  ainl  Saiila  Fo.  StiH  later,  in 
1888,  this  hnc  wa^  exlt-ndt^l  on  m-rtieiis  thi*  tMiiliitt'iil  U\  Salt 
■Francisco.  More  recently,  the  completion  of  tlic  Llrcat  Ni>r- 
them  and  the  ChicAgo,  Milwaukee  and  St.  Paul  hnes  to  tho 
coast  gives  twu  adiUtional  tniiusconlinentnl  rnilrojulft. 

Inter-connectiag  Railroads.  The  main  liniv  provioualy  nion- 
tioned  arc  cast  and  west  roads,  and  they  fonn  sort  of  a  framework 
for  the  whole  railroad  system  of  the  cotmtry.  Tlicy  nrv>  like 
the  primarj'  triangulation  system  to  which  other  surveys  arc 
coDDcctcd.  While  ihcy  were  beinR  locaU^d  and  fimtitruelrtl, 
as  well  as  afterward,  a  vast  minil^r  of  roa<{s  of  variiniH  IcnKllui 
and  importance  were  built  to  setve  thoue  rcgioun  that  wen) 
untouched  by  the  lualn  trunk  hneu.  In  thiu  Rroup  wera  thu 
many  ramifications  of  the  Hock  Island  and  nf  the  liiirlington, 
the  Kansas  Pacific,  Missouri  Pacitie,  lowu  ('i-iilnd.  Wiw-uuitin 
Central,  Chicago  and  Eastern  IllinuiH,  Big  Four,  aivd  a  honl  of 
others.  They  were  just  as  important  in  the  development  of 
the  country  as  were  the  longer  hues,  but  they  icptt-itent  to  a 
certain  extent,  a  different  purjKML'  In  rallnjud  building.  Thoy 
care  for  the  intermediate  and,  to  a  considerable  degree.  (j>  the 
north  and  south  Irafhe.  To  even  the  casual  olnterver,  it  in 
obvious  that  the  predominating  trend  of  traffic  in  this  conniry 
has  been,  and  is  now,  east  and  west.  Very  few  roiuis  havr!  |>een 
built  primarily  to  care  for  the  north  and  south  coounerre.  A 
few  such,  however,  have  l>een  buUt,  notably  the  C'hiruigo  and 
Eftstem  Illinois,  the  southern  extension  of  the  Illinois  Central, 
the  MinDc^xilis  and  St.  Louis,  thi!  St.  Ixfuis  and  Iron  Motinloin, 
the  KaoBU  City  Southern,  the  Frisco,  the  Hi.  Louis  and  >vHith- 
westem,  the  Mimoun,  Kansas  and  Tffxas,  the  Mobile  and  Oliio, 
the  Souibem  Railway,  the  Colorado  and  Southern,  the  (irtsftofi 
and  Short  Une,  and  sc^^eral  others. 

fioiirtMiu  Raftmads  No  trunk  Unm  have  hfien  btiilc  in  the 
South  which  are  eomparable  in  kiigth  to  Ihoie  of  tlt#f  Nortti, 
the  Ham  in  tiial  lefpoa  for  the  moat  pftrt  tAkinx  oo  the  char- 
acter of  cammnmij  ndraad*  muku  to  thoee  load  rfuwhi  mm' 
tiooed  Ib  the  laat  pwacnph.  Uowerer,  raitroad  oumitniettoa 
WW  began  in  the  SotHh  at  an  early  date,  aa  iUAed  prwvtoMljr, 
wfaoB  the  Sovtfa  CvoliBa  Baflroed  wm  opoed  for  Fimmwi 
m  ISMt  The  Geofsw  Bahoad  «m  boOt  in  ISW,  the  CntiMl 
flf  GtmBk  m  IM0»  the  W«l«n  BMOwf  oi  llri  Mtm  aa  Utt^ 
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the  Nftshvill**  and  niattanoogft  in  IS57:  tho  Mohilc  and  Ohio 
was  iippned  frcmi  MnUllf:  Ut  ('oluuibus,  Ky.,  iii  ISoO,  m\\l  in 
the  samo  year  the  New  Orleans,  JjHkson  ant!  i  J  rent  Northern, 
together  with  the  Mississippi  Ontml,  fnrniBheri  a  continuous 
line  from  Now  Orlc^ana  to  Jackson.  Tenn.  The  Ix>uiaville  and 
Naahville  joineci  those  two  cities  in  1859  and  wjis  exti^nded  to 
Memphis  in  1861.  During  the  Civil  War  and  the  Reconsiru 
tion  Period,  railroad  buikliiiR  was  at  a  standstill  in  the  South? 
The  Illinois  Central  was  thv  first  to  enter  from  the  north,  opening 
its  hnc  for  traffic  betwwn  Chicago  and  New  Orleans  in  1873. 
Tlif  Ivouisville  and  Nashville  extended  its  lines  to  the  soulhwa 
about  the  same  time,  re«ehinK  Mobile  in  !S80. 

Growth  of  Railway  Systems.  From  (he  preceding  brief 
historical  Bimmiary,  the  piecemeal  character  of  the  growth 
Aineriean  railways  is  apparent.  They  were  ronstructed  large 
as  community  railroads  wherever  local  pride  and  entcrpri 
were  Bufficienlly  strong  to  make  jMisaible  the  procuring  of  n 
essary  funds.  Many  were  organiKed  as  short  roads  20  to  100 
miles  in  length,  while  othera  wore  orguniztKl  as  extensive  lines, 
hut  funda  becoming  exhausted,  not  a  few  of  these  ended  within 
a  short  distance  of  their  point  of  l>eg)nuing.  In  the  last  quarter 
of  the  nineteenth  century,  an  epoch  in  industrial  history  whi 
combination  and  huge  organization  was  the  chief  rharacteristi 
of  commercial  activity,  large  holding  corporations  were  organ- 
ize<I  lo  take  ai'veral  such  small  railroads  under  control,  the 
large  roads  bought  up  many  small  ones  and  pieced  them  together 
lo  form  large  systems,  both  processes  giving  rise  to  the  extensive 
and  complicaUHl  railway  groui^s  of  the  present  day.  For 
ample,  the  Chicago,  Durlmgton  and  Quiney  Railroad  com- 
prises alwjut  60  or  70  such  small  roads,  averaging  about  100 
miles  in  length,  but  the  majority  of  them  being  less  than  50 
miles  long.  The  Burlington  owns  the  majority  of  stock  of  tho 
Colorado  and  Southern,  which  in  turn  owns  the  Colorado  Mid- 
land, the  Colorado  R.  H.,  the  Ft.  Worth  and  Denver  City,  the 
Gilpin  R.  R.,  tli(^  Trinity  and  Brazixj  N'alhiy,  and  the  ^^'■ichita 
Valley,  and  the  last  name<l  owns  the  Wichita  Falls  and  Okla- 
homa, the  Abilene  and  Northern,  and  the  Stanford  and  North- 
western. To  shi>w  further  the  corporate  complexity  of  niilroad 
ownership,  it  may  l>e  stJited  that  the  Burlington  is  owned  equally 
by  the  Great  Northern  aud  the  Northern  Faci&c  railways.    The 
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^^^pD  of  the  Burlington,  moreover,  is  not  exceptional.    Many  of 
^^Tne  American  railmadH  are  as  complicated  nr  innrr  80  than  it  ia. 

V  As  stated  abovei.  the  railways  wore  laid  out  piccenieai,  without 
any  genera)  scheme  for  the  whole.  Like  Topsy,  they  "  jua* 
growe<l."  Thi^  proce,is  of  cc»mliining  thcni  inl<j  such  8>'stemB 
as  the  natural  trend  and  movement  of  traffic  required,  as  de- 

H  scribed  above,  has  done  much  to  overcome  the  diffieullies  result- 
"  ing  from  the  haphazard  scheme  of  development.     The  railways 
of   most   Europojin    countries,    notably    those   of   France,   were 
■  built  after  the  countries  were  completely  settled,  the  Im-ation 
I       of  cities  and  towns  fixed  ami  the  natural  traffic  courses  deter- 
mined, and  consequently,  they  could  be  designed  according  to 
•  a  comprehensive  and  atleqtiate  scheme  of  lransi>ortation,     Ameri- 
can   railwa>'s  were  built   without   such   a   plan   being  possible, 
owing  to  the  unsettled  contUtion  of  the  countiy  to  be  served. 
However,  it  seems  probable  thai  a  further  organisation  of  the 
railways  of  this  country'  i^ito  some  comprehensive  scheme  of 
transportation  system  will  occm-  at  some  future  time  in  order 
H  to  effect  the  econoinies  neces.'wrj'  in  the  present  state  of  industrj*. 
The  Public  Character  of  Railways.    One  prominent  feature 
tliat  Htan<ls  out  in  a  .-^ludy  of  the  hL^ttvry  of  the  origin  and  growth 
of  railwa3's,  and  one  to  whit^h  reference  should  Iw  made  in  this 
K  connection,  is  their  essentially  public  character.     Railroads  had 

V  their  urigin  befure  the  IcK'omotive  ha<l  been  thought  of,  as  has 
been  seen,  in  an  effort  to  improve  the  public  highways  by  laying 
down  timber  wheelways.  These  wheelways  were  still  the  pubhe 
highways  and  so  it  can  be  stated  not  inappropriately  that  the 
highway  was  the  ancestor  of  the  railway.  Later,  when  the 
steam  lo<'oniotive  was  invented,  it  was  sultstituted  as  the  tractive 
power  instead  of  horses.  Railway  companies  were  organized 
on  the  same  basLs  as  turnpike  companies,  of  which  there  were 
about  800  in  America  in  1812.  In  most  European  countries, 
the  railways  have  never  been  separated  from  the  state,  but  in 
America  tliey  assumed  a  status  of  almost  private  cor|)urations. 

*R«>cently,  however,  the  public  nature  of  railroads  has  been 
rccugtiized  in  this  country,  and  governmental  control  has  become 
more  and  more  definite  and  (tomplete  wilh  each  mission  of  Congress 
and  each  term  of  the  Supreme  Court. 
^  Retrospect.  As  stated  at  the  begimting  of  this  chapter,  the 
B  development  of  the  vast  areas  of  the  United  States  has  been 
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infcparably  interwoven  with  the  growth  of  the  railroads.  Almost 
within  thn  span  of  a  generation,  this  greatest  of  all  organized 
industries  has  developed  from  its  genesis  to  its  present  mammoth 
proportions.  In  1910  there  were  2037  different  steam  railways 
in  America,  and  in  1912  there  were  2165.  The  following  table 
shows  the  gronlh  of  the  mileage : 


237 
1,098 
2,818 
9,021 


1830 

1835..... 

1840 

1850 

1860 30.635 

1870 52,922 

1880 93,671 

1890 159,271 


Miles 

1900 192.940 

1910 238.609 

1911 252,970 

1912 256,102 

1913 259.089 

1914 261,554 

1915 262,547 


The  liberal  land  grants  of  the  Federal  Government  greatly 
stimulated  railroad  building.  In  all  155,000,000  acres  of  land 
were  given  to  railways,  practically  all  of  the  large  Unes  west 
of  the  MiKsiisippi  having  I>een  aided  in  this  manner.  Varioua 
inventions  from  time  to  time  gave  added  impetus,  among  which 
may  lie  mentioned  the  dist^overy  by  Blaekclt  in  1813  that  the 
adhesion  between  wheels  and  smooth  iron  rails  was  sufficient 
to  cause  aelf-propulsion;  the  invention  of  the  flexible  wheel 
base  by  Peter  (?(ioi>er  which  would  permit  locomotives  to  pass 
around  curves;  Ross  Winans'  invention  of  the  four-wheel  tniok 
and  bis  anti-friction  journal;  the  invention  of  the  Bessemer 
prooees  of  manvifaeturing  stwl  rails  by  which  they  were  greatly 
cheapened  and  improved  in  quality;  the  invention  of  the  air 
brake  by  ficorge  Westinghouse;  the  development  and  u.sc  of 
the  cast  wheel  in  locomotive  and  car  construction;  the  inven- 
tion oi  the  electric  track  circuit  by  Wm.  KobinsoD  in  1872, 
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Nature  of  ft  Corporation.     BuiKJing  a  railroad  in  altogethftr 
too  large  an  undertaking  to  he  handled  by  an  individual,  owing 
to  the  ftmouot  uf  capital  required  and  the  risk  involved.     It 
U  neceasary,  Iherelure,  that  a  number  of  persons  unite  their 
resources  and  share  the  risks  neeessarj*  to  the  accomplishment 
of  such  an  enterprise.     These  ohjcrts  are  effected   by  fonning 
what  is  called  a  cor[>oration.     A  enrporation  may  be  defined 
A9  a  collection  of  natural  persons  united  by  the  authority  of  the 
law  under  a  B[>ccial  corporate  name,  with  the  capacity  of  i>er- 
petual  succession  and  acting  in  many  respects  a^  a  natural  per- 
son.   A  corporation  is  in  fact  a  legal  entity,  or,  aa  it  is  termed 
frequently  in   law,   an   artificial    iierson.     It   has  an   existence 
aeparnte  and  distinct  from  that  of  the  members  who  compose 
it.     li   has  a  delitiite  domicile  or  place  of  doing  business;    it 
ran  aue  and  be  sued  at  law;    it  can  hold  and  convey  property; 
it  is  liable  for  the  tort«  of  its  servants  and  may  be  fined  for 
[mi-sdemeanora,  and  in  many  other  respects  resembles  the  rliar- 
:tor  of  a   natural   person.    The   memljers   that  compose   the 
eurporation  are  not  personally  n^|ionsiblc  for  the  debts  or  other 
jbligations  of  the  corjwration  jjcyond  the  amount  of  their  stiH'k, 
id  the  Ufe  of  the  corporation  docs  not  cease  at  the  death  of  the 
icorporatore.    Since  a  corporation  is  a  creature  of  the  law, 
^t9  iK>wer8  are  set  forth  in  the  instrument  of  its  creation,  naxneiy, 
^ils  Charter. 

B  The  Charter.  The  origin  of  the  charter  idea  relates  back 
'  to  the  time  when  certain  iwraons  were  given  syjeijial  right*  by 
^Lhe  king  to  do  some  act  or  enjoy  special  privileges  which  were 
B  23 
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not  granted  to  hig  subjects  generally.  A  charter  under  our 
government  is  a  grant  of  special  privileges  to  certain  individuals 
for  the  carrying  on  of  a  specified  business.  lu  the  famoiis  Dart- 
mouth College  case,  tlie  Supreme  Court  of  the  Unit*?d  States 
held  that  a  charter  was  a  contract  between  the  state  and  the 
corporation  which  could  not  be  broken  or  altered  by  one  party 
without  the  c:onecnt  of  the  other.  However,  as  such  a  doetrine 
would  effeetually  prevent  the  pubUc  from  controlling  its  own 
creatures  and  reforming  grave  abuses  of  corporate  power,  nearly 
every  stale  has  pnsse<l  statutes  that  no  charter  should  thereafter 
be  granted  xvliich  would  not  be  subject  to  altemtion  or  repeal 
by  the  state  under  certain  conditions.  In  fact,  nearly  all  slates 
have  general  corporation  laws  under  which  corporations  are 
formc<l  and  the  fonualion  of  such  a  body  is  a  matter  of  routine 
conipliauce  with  the  Hpecified  legal  forms  rather  than  a  special 
grant  by  the  legislature. 

The  variations  naturally  existing  in  the  corporation  laws 
of  the  difTerent  stales  have  given  rise  to  queer  cuitditions  in 
regard  to  the  homes  or  donuciles  of  some  railroad  corporations. 
Some  raih'oada  are  in<ror[x>rated  in  states  where  but  a  snaall 
jHirtinn  of  their  operations  are  conducted,  and  indeed,  in  a  few 
instances,  the  articles  of  incorporation  were  taken  out  in  states 
where  the  companies  had  no  mileage  of  track  whatever,  For 
example,  the  Northern  Pacific  Uailroad,  whose  lines  total  about 
0000  miles,  was  incorporated  in  the  State  of  Wisconsin  in  view 
of  the  construction  of  an  unimportant  line  in  tliat  state,  which, 
as  a  matter  of  fact,  was  never  built.  A  railroad  in  general 
might  \ic  incorporated  in  any  state  through  which  it  proposed 
to  extend  its  fines. 

While  the  charter  grants  certain  designated  powers,  it  also 
gruits  many  others  by  impUcation,  commonly  culled  impUcd 
powers,  which  arc  necessary  for  conducting  Uic  business  for 
wliirh  the  corporation  was  primarily  organized.  Bcside-s  the 
right  to  do  business  as  a  common  carrier  (q.v.),  a  railroad  com- 
pany acquires  by  its  charter  other  corporate  rights,  among  which 
are  the  follonnng: 

a.  The  right  to  use  a  corporate  name. 

6.  The  right  of  jierpctnal  succession. 

c.  The  right  to  acquire,  hold,  convey,  possess  and  dispose  of 
corporate  property. 


d.  The  right  to  appoint  corporate  officers  and  agents. 

e.  The  right  to  cstabhsh  by-laws  for  the  government  of  the 

corporation,  ifa  officers  and  membera. 
/.   The  right  to  sue  and  be  sued. 

If  a  corporation  should  contract  beyond  its  powers  cither 
express  or  implied,  the  contract  was  formerly  held  to  be  voidable 
as  bcin(E  ultra  vires,  hut  at  the  present  time,  a  contract  with  a 
private  corporation,  such  as  a  raikoad,  canuot  be  voided  on  this 
ground.  From  the  above  considerations,  it  may  be  seen  that  a 
railroad's  charter  is  its  authority  for  doing  business,  and  in  general 
it  may  perform  almost  any  art  connectetl  with  such  business, 

P  being  responsible  to  the  state  in  the  exercise  of  its  implied 
powers. 

State  Laws  Governing  Railway  Incorporation.    The  condi- 
tions under  which  railways  are  incorporated  vary  greatly  in 
different  states,  as  has  l>e*'n  tneniioned.     The  law  usually  pro- 
I      vides  a  minimum  number  of  incorporators,  specifics  the  char- 
Hacter  of  stock  to  be  issued  and  the  conditions  of  issuing  the 
I      same,  to  whom  to  make  ap])lication  for  the  charter,  the  mode 
of  electing  directors,  and  others.     In  Kansas,  for  example,  the 
minimum  mmiber  of  incorporators  is  five,  while  in  Colorado 
it  is  throe.    The  general  statute  also  specifies  the  general  powers 
of  the  proposed  railroad  company  and  indicates  its  obligations. 
Perluipfi  one  of  the  most  e<iuital>Ie  of  the  laws  relating  to  the 
iacorpnration  of  railways,  and  one  that  is  in  a  sense  typical 
of  all,  is  the  New  York  law,  some  of  whose  provisions  are: 

1.  The  number  of  railroad  incorporators  miwt  be  fifteen  or 
more, 
incorporators  shall  file  a  certificate  that  shall  set  forth 

the  following  facts: 
Name  of  the  railroad,  its  length  and  termini. 
Nuinl^cr  of  years  it  is  to  contnmc. 
The  kind  of  railroad. 

The  names  of  the  counties  to  be  passed  through. 
The  amount  of  capital  stock  (not  less  than  $10,000 
per  mile  of  line). 

3.  Common  and  preferred  stock  must  be  defined. 

4.  There  must  be  at  least  nine  directors. 
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5.  The  name,  address  and  number  of  shares  of  each  incorpo- 
rator must  be  stated. 

6.  At  least  10  per  cent  of  the  capital  stock  must  be  paid  in 
cash. 

Officers.  The  business  of  a  railroad,  lik(^  lliat  of  any  other 
corporation,  is  transacted  i>y  a  board  of  directors  and  such 
other  officers  and  agents  as  may  be  necessary,  any  of  whom 
may  bind  the  company  by  tlicir  acts  williin  the  scope  of  their 
authority.  The  Board  of  Directors  haa  the  power  to  bind  the 
corporation  by  any  act  or  contract  within  the  powera  iu;ra»ted 
by  the  charter,  btiing  responsible  only  to  the  stockholders.  Tlie 
other  officers  of  the  company  usually  include  a  president,  one 
or  more  N-icc-presidcnts,  a  secretary,  a  treasurer.  The  Board 
of  Directors  is  electwl  by  the  stockholders,  while  the  other  officers 
are  appointed  by  the  Board  of  Directors  itself,  and  may  or  may 
not  be  members  of  that  Ixxly.  The  offieera  Ijeing  intrusted 
with  the  affaii's  and  funds  of  the  stockholders  stand  in  a  fidu- 
ciary relation  to  ihem  and  are  Required  to  exercise  even  greater 
care  concerning  these  matters  than  they  woidcl  conceniing  their 
own  business,  and  are  personally  i-esponsible  for  any  misappli- 
cation of  funds.  There  is  a  growing  tendency  to  hold  the  oQiuers 
responsible  jointly  with  the  corporation  for  the  torts  and  mis- 
demeanoi-s  of  the  latter. 

Promotion.  Usually  the  idea  of  building  a  railroad  is  con- 
ceived by  one  person,  or  at  most  by  a  small  number.  This  person 
takes  the  lead  in  finding  the  requisite  number  of  incorporators, 
in  seciiring  the  chai"ter  and  in  seeing  to  it  that  the  eoin[)any 
is  regularly  incorporated.  Such  a  person  is  called  a  promoter 
The  promoter  issues  a  prospectus,  or  paper  scheme  of  the  project, 
setting  forth  the  possibihties  and  booms  the  enterprise  generally 
In  general,  a  promoter  is  responsible  for  his  own  acta  previous 
to  the  organization  of  the  corporation,  unless  the  latt*r  adopts 
them  as  its  own  after  such  orgauixalion  is  complete.  The  pros- 
pectus which  the  promoter  circulates  may  Iw  optimistic,  even 
of  a  roseate  hue,  but  must  contain  no  positive  misstatement 
of  facts,  as  such  would  constitute  a  fraud.  The  promotion 
involves  also  the  securing  of  the  necessary  paid-up  suliscription 
of  capital  stuck  and  of  interesting  the  public  in  the  enterprise. 

Capital   Stock.     The  capilnl  of  a   corporation   is   the   fund 
with  whicli  it  conducts  its  buaiueas  and  embraces  all  its  property, 
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both  real  and  personal.  The  capital  stock  is  the  amount  of  rnpital 
that  the  charter  requires  t<>  be  subscribed,  and  remains  unvaried, 
unless  changcil  by  a  IcRislative  act.  It  is  the  amount  of  c-apital 
with  which  the  company  attempts  to  begin  business,  and  to  the 
public  at  large,  it  signifies  the  amount  of  means  contribut'cd  to 
this  end  and  is  therefore  commonly  accepted  as  a  mea.sure  of  the 
credit  to  which  the  corporation  is  entitled.  The  amount  of 
capital  stock  issued  by  a  railroad  depends  upon  the  probable 
amount  required  to  build  and  equip  its  lines. 

A  share  uf  stock  is  the  right  to  participate  in  the  surplus  earn- 
ings of  a  corporation  in  the  way  of  dividends  and  ultimately  to 
share  in  the  net  assets  I'cmaining  ujion  dissolulioii.  A  stock  cer- 
tificate is  a  written  acknowli^ignient  by  the  corporation  of  the 
rights  and  interests  of  the  alockholder  in  the  corporate  property 
and  francliise.  Full  paid  stock  Is  stork  the  full  value  of  which 
has  been  paid  in  cash  or  in  other  property  and  is  not  liable  to 
further  aaaesament.  Cotnmon  alock  entitles  the  holder  to  a  pro 
nila  division  of  the  profit-s,  if  there  are  any,  after  all  prior  obliga- 
tions have  been  met.  Preferred  slock  entitles  the  holder  lo  a 
certain  per  cent  of  dividends  l^eforc  common  stock  is  awarded 
any.  However,  dividends  are  not  guaranteed  on  preferred  stock 
and  its  dividends  arc  limited  to  tlie  amount  stipulated,  hence,  it 
0Omelim(!s  hapi>ens  in  the  cauc  of  very  succt!ssful  railroads  that 
the  common  stock  is  more  valuable  than  the  preferred.  Preferred 
Ktock  is  Homelimcs  issued  as  first  and  second  preferred  stock. 
When  the  capital  stock  is  increased  without  any  definite  property 
value  being  added,  the  stock  is  said  to  have  been  "  watered." 
The  object  of  such  procedure  is  lo  decrease  the  value  of  the 
stock  already  outstanding  and  it  results  in  a  smaller  percentage 
being  paid  in  dividends,  although  the  actual  amount  may 
remain  unchanged.  Stockholders  arc  Uabic  ordinarily  to  the  full 
extent  of  the  par  value  of  their  stock  and  no  more,  although  in 
certain  classes  of  corporations  this  provision  has  lieen  modified. 
For  example,  the  stockholders  arc  liable  for  the  debts  of  the  cor- 
poration to  the  extent  of  the  unpaid  balance  of  their  stock,  but, 
of  courf*^  if  thi'  stock  has  been  paid  in  full,  thcj'  are  exempt 
from  further  liability.  However,  a  corporation  has  a  right  to 
issue  non-aawxsahle  stock  below  par  which  sliall  lie  exempt  from 
further  asseasments  on  the  part  of  the  wir[M)ratinn,  but  non- 
aadessable  stock  does  not  relieve  the  holder  from  full  responsibility 
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to  subsequent  oreditora  in  the  event  of  insolvency.  Share- 
holders have  a  right  to  Iransfer  their  stock  to  anyone  who  is 
competent  to  hold  the  same.  The  transferee  takes  the  place  of 
the  first  shareholder,  awtumes  all  his  rights  and  is  responsible 
for  all  his  obligations. 

Funded  Debt.  The  funded  debt  consists  of  those  obliga- 
tions that  require  the  payment  of  a  definite  rate  of  interest, 
and  consists  essentially  of  bonds.  Bonds  are  promissory  notes 
issued  under  the  corporate  seal  when  the  corporation  desires 
to  borrow  money.  Instead  of  Iwrrowing  of  individuals,  how- 
ever,  the  bonds  are  made  payable  to  the  bearer  and  arc'  sold 
on  the  open  market,  somctimLS  above  thoir  par  value  and  Moyie- 
times  below.  Interest  on  bonds  as  welt  as  the  principal  must 
be  paid  when  due,  and  if  interest  or  principal  ia  not  paid  when 
due,  the  railroad  is  declared  insolvent  and  the  creditors  proceed 
to  take  the  property  of  the  company  in  satisfaction  of  the 
amounts  due  them.  The  total  bond  issue  is  essentially  the 
funded  debt  and  it  is  secured  by  tnurtgages  on  the  property 
or  income  of  the  company.  Debenture  bonds  are  bonds  that 
carry  with  them  as  collateral  a  lien  on  the  income  of  the  rail- 
road instead  of  its  phyacal  property.  Strictly  speaking,  bonds 
are  not  a  part  of  the  capital  st<xik  of  a  raih-oad,  but  in  stating 
the  total  capitahzation,  the  bond  issue  is  generally  included. 
This  is  in  accord  with  the  statement  of  Mr.  Henry  C.  Adams, 
formerly  statistician  of  the  Interstate  Commerce  Conuuission, 
to  the  effect  that  capitalization  means  "  the  amount  of  active 
capital  to  !»  supported  by  freight  and  passenger  rates,"  and 
with  the  present  definition  by  that  l>ody,  viz.,  "  By  railn'ay 
capital  ...  is  meant  the  aggregate  of  securities  issued."  The 
total  funded  debt  includes  mortgage  bonds,  collateral  trust 
bonds,  equipment  trust  obligations,  plain  bonds,  debenture 
bonds,  notes,  and  miscellaneous  funded  obligations. 

In  recent  years,  some  of  the  larger  railway  systems  have  made 
immense  issues  of  bonds  secured  by  mortgages,  with  a  view 
to  refunding  old  mortgages  and  for  making  improvements.  In 
1911,  the  Great  Nortlu'iii  creatwl  a  mortgage  of  $600,000,000 
and  recently  the  Baltimore  and  Ohio  made  a  similar  issue,  and 
four  others,  the  Northern  Pacific,  the  Erie,  the  New  York 
Central,  and  the  Southern  have  made  issues  of  $500,000,000 
or  more.    As  related  iu  the  first  chapter,  most  of  the  large 


* 


railway  syatems  of  the  country  are  composed  of  a  number  of 
•vncJI  lines,  anil  each  of  these  has  its  own  bonds  outstanding. 
The  Southern  Railway,  for  example,  was  formed  in  1893  by 
oonsoUdatinfc  more  than  thirty  separate  companies.  The  Erie 
had  second,  third,  fourth  and  fifth  mortgage  bonds  outstanding, 
and  this  new  issue  which  will  refund  the  old  issues  are  intended 
to  strengthen  the  credit  of  the  railroad. 

Capitalization  of  the  Railways  of  the  United  States.  The 
railways  of  the  United  Statr-s  have  cost  an  immense  sum  of 
money,  but,  unfortunately,  the  amount  of  this  cost  is  not  a 
mattbr  of  record.  Kccords  of  the  cost  of  many  roads  were  not 
kept  systematically,  owing  to  the  unscientific  method  of  building 
them,  and  the  records  of  others  have  been  lost  in  the  years  that 
have  intervened  since  their  construction.  However,  the  cap- 
italization of  a  railroad  docs  not  apparently  bear  any  direct 
relation  to  the  cost  of  construction,  nor  even  to  its  present 
value  aa  it  might  be  detemiined  by  a  board  of  appraisers.  That 
this  is  true  is  indicated  by  the  figures  given  below,  which  show 
the  cost  of  reproduction,  the  present  value,  and  the  capital- 
ization of  railroads  in  four  states  where  such  an  appraisal  has 
been  made. 


Coat  of 

ll»pr<xluiitii>D. 

Vftlu*. 

Cftpitkli  lAtio  o. 

Wmihington 

South  Dakota 

$194,057,340 
100,4<U.5O3 

aoo.Qfii.Ms 

290,893,322 

»17&,797.025 

91,695.192 

309,700,514 

240.718,711 

$101,582,000 
109,444,000 
300.027,676 

225,000,000 

About  one-fifth  of  the  capital  stock  and  funded  debt  is  owned 
by  the  railways  themselves;  that  is,  this  a:no\int  is  in  the  railroad 
treasuries  and  has  no  claim  on  the  operating  revenues.  While 
the  net  capital  per  mile  has  increased  during  the  past  quarter 
century  from  S49,50U  to  963,100,  it  has  not  increased  in  pro- 
portion to  the  total  capitahzatioii.  The  capitalisation  per  mile 
of  American  railways  is  in  general  much  less  than  it  is  in  European 
countries. 

General  Principles  of  Organization.  Organization  consists 
of  combining,  co-ordinating  and  directing  the  efforts  of  a  group 
or  groups  of  individual  human  units  for  the  accomphshmcnt  of 
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a  definite  common  purpose.  It  is  essentially  a  psj'chologlcal  and 
sociological  probbm  :ia  related  to  in<luatrial  operations,  for  two 
factors,  namely,  the  individual  man  and  the  group,  enter  the  eon- 
Gidcration,  the  behavior  of  these  two  factors  bt-iuK  quite  diatiiict 
in  many  rcHptjcts.  The  purpose  of  organization  is  to  define 
and  establish  the  relations  of  the  individual  to  others  of  his  group 
and  the  relations  of  the  group  to  other  groups.  The  tenn  organi- 
zation implies  the  pluring  of  certain  iwrsons  in  authority  to  sec 
to  it  that  thes(*  relationships  when  defined  and  established  are 
recognized  and  allowed  to  govern  by  all  concerned.  Mr.  M.  L, 
ByerB,*  Chief  Engineer  of  Maintenance  of  Way  of  the  Missouri 
Pacific  K.  R.,  gives  the  following  general  rules  for  forming  an  or- 
ganization: 

1.  Provide  a  supreme  Authority  at  all  points  where  actioa  must  be 
tak^t.  Thft  absence  of  such  fiuthority  leiicU  to  indecision,  jealousy, 
mediocre  methuds  brought  ulxmt  by  coinpn)au.sc,  und  to  gcncrid  disorder. 
Divided  authority  meiuis  evasion  of  resnonsibility. 

2.  Carefully  and  fully  outUae  the  authority  and  responsibility  of 
each  persoti.  Uiicertaia  bouadaries  of  authority  lead  to  coufhct  and  to 
lack  of  co-operation. 

3.  Mnke  the  dutioft  of  the  rariouA  pontions  conform  to  the  oapo- 
bilitte-a  uf  tlntsc  uccupyiiig  theni.  Naturnl  abititiefl  as  well  as  technical 
training  shuulU  be  placed  so  as  to  serve  to  bent  advantage. 

4.  Avoid  as  far  as  possible  making  any  person  subordinate  to  two  or 
more  other  persons,  especially  in  regard  to  matters  at  all  cU>j<ely  related. 
Unless  thl>4  is  June,  frictiuu  aud  ill-fccUug  with  uc-cuni|>Aii>'ing  poor 
perforumuoe  may  result. 

5.  Place  the  disciplinary  authority  in  the  same  Imnds  tui  the  respon- 
sibility.   

6.  So  distribute  the  burden  of  administration  as  tc  avoid  unequal 
loading  uf  the  different  officers.  This  course  avoids  overloading  or 
underloading  any  one  department,  allays  ill-feehng  and  makes  possible 
a  comparison  of  retutts  accomplished. 

7.  There  sliuuld  Ije  no  positions  which  do  not  admit  of  ready  promo- 
tion therefrom;  otherwise,  a  powerful  stimulus  to  effort  is  lost. 

Much  has  beeji  written  in  recent  years  concerning  scientific 
management  and  seiontifie  organization,  but  a  further  discussion 
of  the  subject  is  not  called  for  in  tfiis  connection. 

Organization  of  Railway  Officers.     Although  the  details  of 
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ition  vary  with  different  railmads,  there  are  cerffl,in  fairly 
wclWefined  groups  of  operating  officers  that  are  recoKnizcd  on 
almost  all  roada.  These  usually  include  the  Executive,  Legal, 
Accounting,  Traffic,  Operating  or  Transportation,  Purchasing, 
Engineering  and  Mechanical  departments.  The  President,  who 
is  elected  by  ilie  Ba-ird  of  Dii-cetors  as  has  beeu  stated,  has  gen- 
eral chai^  of  the  entire  mjid,  and  together  with  the  vice-presi- 
dents, sccretarj',  treasurer  and  their  assistants,  make  up  the 
first  group,  ami  the  others  arc  sufficiently  well  defined  by  their 
names.  In  some  cases  where  the  president  is  only  nominally 
in  charge  of  the  road,  having  other  interests  to  which  he  devotes 
his  attention,  (he  chief  operating  officer  is  the  general  manager, 
although  the  latter  title  is  sometimes  given  to  the  liead  of  the 
transportation  department.  The  more  detailetl  organization 
may  lie  represented  as  in  the  following  «ulline,  which  represenlfl 
aomething  of  an  average  organization  from  a  comparison  of  a 
number  of  typical  American  railroads. 

ExsctnivE 
Prrfident 
\'ice-pr»?idaita 
Secretary 
Treaaurer 


Legal  Department 
General  coun^l  aud  assietanto 
General  ^licitnr  nnd  assistants 
attorney  and  as)<ititunts 

AOOOUNTING  AND  FINANCE   DePABTMENT 

Tresaurer 

Complrullcr  and  assistants 

Auditor  and  aieiEtanb; 

Ticket  auditor 

FVdght  audilur 

General  accotrntant 

Puvma^ftor  and  !iw<i.'<tant8 

PVBCHABINO    DbVAHTMENT 

Pureha'dng  agent  nnd  !i^.Rtant8 
General  store  keci^rre 
District  atorelkUL-pcrs 
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TaxTFic  DePARTK£NT 
PasscnKcr  traffic  manager 

GeneriU  passenger  agents 
General  Freiglit  mnnagpr 

General  freight  agents 

Opbuatino  Department 
Geuenil  manager  and  assifitante,  or  , 

General  superintendeni  and  assistants 

Division  superintendents 

Train  masters 

Superintendent  of  car  service 

Superintendent  iif  ienninala 

SuiK-rinttiideiit  of  telegrapli 

Chief  claim  iigent 

General  ha^age  agent 

Supcrin  ten  dent  of  mail  traffic 

Chief  dispatchers 

Enoikberino  Department 
Chief  engineer 
Aimistant  crhief  engineer  in  charge  of  design 
Engiuccr  of  maintenance  of  way 

Divif^ion  engineers  and  awistjints 
Supt.  or  i-ngineer  of  bridges  and  buildings 
Bridge  supervisors 
Foremen  of  water  service 
Locating  engineer 
AasiHtant  engineers 
Resident  engineers 
Signal  engineer 

Mechanical  Department 
Buperinlendent  of  motive  powCT,  or 
General  mechaiiicul  &u|]crintcadeat 

Mechnniea]  engineer 

Electrical  engineer 

Master  mechanics 

Frequently  one  of  the  vice-presidents  whose  training  and 
experience  have  l>ecn  in  the  particular  line  invulvcd  is  in  direct 
charge  of  one  or  more  of  the  ubove  departments. 

Types  of  Organization.  So  far  as  most  of  railway  opera- 
tions are  concerned,  it  may  be  said  that  there  arc  two  fairly 
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distinct  types  of  organization  in  vogue  in  the  United  Statesi 
namely,  the  Divisional  and  the  Departmental. 

In  the  divisional  syatciu,  each  division  is  operated  practically 
as  an  independent  line,  under  the  direction  of  the  division 
superintendent,  who  has  charge  of  operation  or  conducting  trans- 
portation, train  service,  maintenance  of  way  and  maintenance  of 
equipment  on  hie  division.  Under  the  departmental  system,  all 
activities  related  to  any  one  department  center  around  one  head 
official  who  has  charge  of  those  activities  for  the  entire  line.  Thus 
in  the  divisional  system,  the  division  engineer  reports  to  the  divi- 
sion 8Uf»erintendcnt  and  only  through  him  to  the  chief  engineer; 
whereas,  in  the  departmental  system,  the  division  engineer  reports 
directly  to  the  chief  engineer  aiid  any  business  that  the  division 
superintendent  may  have  with  the  division  engineer  must  be 
conducted  through  the  heads  of  their  respective  departments. 
It  ia  claimed  that  imder  the  divisional  type  of  organization, 
pesponsibility  iH  rnnrc  centralized  and  a  more  satisfactory  corre- 
lation of  the  work  of  the  division  is  effected,  while  under  the 
departmental  type  greater  uniformity  of  practice  over  the  en- 
tifp  line  is  secureii.  Fig.  4  shows  the  essential  difference  Itetween 
the  two  types  of  organization.  Of  forty-two  roads  investigated 
by  the  Committee  of  the  Ameiican  Railway  i'lnginecring  Asso- 
ciation,* twenty-three,  n'preaenting  SCi.OOO  miles  of  line,  employ 
the  divisional  system,  while  nineteen  representing  40,000  miles 
use  the  departmental. 

The  organization  of  engineering  forces  for  location  and  for 
particular  work  will  l>e  considered  in  another  place. 

The  Unit  System  of  Organization.  A  scheme  of  railway 
organization,  called  the  unit  system,  was  devised  by  Mr.  Charles 
DeLano  Hinc  in  1908  with  a  view  to  applying  it  to  the  Harriman 
Lines,  where  it  has  been  adoptc<i  to  a  certain  extent,  and  appears 
to  have  many  point-s  of  merit.  The  scheme  is  based  essentially 
on  the  division  as  the  unit,  under  the  direction  of  the  division 
superintendent  with  a^istant  superintendents  in  charge  of  special 
Unea  of  work.  The  numlier  of  assistant  division  superintendent.s 
would  vary  from  perhaps  one  on  small  divisions  to  twelve  on  large 
bo^  divisions,  the  normal  nimiber  being  about  six.  These  assist- 
ant superintendents  are  to  I>e  appcsinted  with  a  definite  rank  of 
seniority  and  authority.  Under  this  scheme,  the  division  engi- 
'  Proc.  Vol.  U.,  p.  243. 
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neer,  the  master  mechanir,  the  chief  diBpatcher.  the  purchasiufc 
agent,  etc.,  still  remain  in  charge  of  their  respective  branches  of 
the  service  but  with  the  title  and  authority  of  assistant  snper- 
intcndent.  The  advant-ages  claimed  for  this  scheme  of  organiza- 
tion are  (1)  that  final  authority  in  each  instance  issues  from  tlw 
oue  m  the  superintendent's  office  comiKtent  to  speak  on  the 
question  involved,  instead  of  issuing  from  a  chief  clerk,  (2)  that  it 
broadens  the  vision  of  each  of  these  officers  so  that  he  has  in  mind 
every  part  of  ihe  division,  and  (3)  that  it  removes  jealousies  aiid 
antagonism  between  departments. 

Another  essential  feature  of  Mr.  Hinc's  plan  is  the  sharp 
distinction  between  "  line  "  and  "  staff  "  functitms.  His  pattern 
U  the  army  on^nization  in  which  a  staff  plans  a  campaign  and 
line  officers  carry  it  into  effect.  The  fundamental  idea  is  that 
designing  and  originating  projecbi  require}^  maximum  intellectual 
attention  untrammelod  by  the  worries  of  routine  administration. 
On  the  other  haiid,  the  hnc  officer,  the  man  in  the  field  on  the  job,  ia 
free  from  statistical  or  mathematical  details  and,  iK'ing  ctmstjintly 
in.  charge  of  directing  the  work  of  a  force  of  men,  is  liettcr  able 
to  perform  such  duties.  However,  it  may  be  stated  in  parsing, 
that  a  man  for  a  responsible  position  cither  jis  a  staff  officer  or 
line  officer  should  have  served  a  good  apprenticeship  in  both, 
BO  that,  in  whichever  one  be  may  be  employed,  be  will  not  dis- 
parage the  other. 

Like  the  railways  themselves,  the  organization  of  American 
nibtiads  has  grown  largely  without  design  or  direction  and  is 
cumbersome  and  antiquated  in  many  respects.  Some  persons 
ba^'o  made  extravagant  cla'ins  as  to  what  savings  might  be 
pffeclcrd  by  improved  organization.  As  a  matter  of  fact,  it  is 
doubtful  if  any  olher  industrj-  in  the  United  States  of  similar 
magnitude  is  managed  with  equal  efficiency.  However,  it  is 
doubtless  true  that  losses  do  occur  linder  the  existing  organiza- 
tions and  that  economies  might  Iw  accomplished  by  the  introduc- 
tion of  improved  methods,  and  it  is  probable  that  the  chief  ad- 
vance of  the  railroads  will  1)0  made  along  this  line  in  the  future 
rather  than  in  connection  with  purely  tecbuieal  matters. 
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Introduction.  As  has  b(>on  »tatc!<l  tn  another  place,  the 
railways  of  the  United  Slates  grew  without  plan  or  system  and 
without  anyone  connected  with  them  having  a  definite  conception 
of  what  the  ultimnto  condition  of  afTalrH  would  be.  Before  the 
period  of  consohdation  and  monopoly  forming,  when  the  rail- 
roada  were  competing  one  against  the  other,  when  the  railroads 
were  chiefly  local  enterprises,  no  need  of  general  control  was  felt. 
At  the  close  of  the  last  century,  however,  there  catne  a  period  of 
organization  of  busineaH  un  a  large  scale  and  of  trust  fonnation. 
Small  industries  were  united  under  one  holding  company  in 
order  to  promote  economic  betterment.  Railroads  were  like- 
wise collected  into  largu  systema.  There  are  at  present  2165 
railroads  in  the  United  States  doing  interstate  business,  but  they 
all  are  oiwratcd  under  only  about  fifty-seven  different  s3Titem8, 
according  to  tlie  report  of  the  Interstate  Commerce  Comraission. 
Aa  the  railroad  systems  organized  and  became  powerful,  it  was 
soon  rccogniwMl  that  sonic  sort  of  ('0[ltrt^l  wouUI  bp  necessary  to 
bring  about  proper  and  just  traffic  conditions.  Certain  abuses 
had  gi'own  up,  the  chief  of  which  will  be  mentioned  incidentally 
in  this  cliapttT,  and  the  Federal  Government  has  undertaken  to 
control  the  railroads  that  do  an  interstate  business  and  the 
various  statea  have  enacted  legislation  looking  to  the  regulation 
of  intrastate  comraerce. 

Authority  for  Federal  Control.  The  constitutional  authority 
under  which  the  Federal  Congress  acted  in  passing  the  Interstate 
Coimneree  Act  as  well  as  all  other  laws  pt^rtaining  to  t  he  regulation 
of  railroads  lies  in  (he  clause  of  the  Constitution  which  states  that 
Congress  shall  have  power  to  regulate  commerce  between  staU-a. 
The  eluiiw  was  insertcil  without  any  idea  of  its  lieing  applied  to 
the  railroad  situation  of  to-day,  but  rather  with  a  view  to  giving 
that  body  iiower  to  regulate  the  collection  of  uui>orts  and  exiwrta 
on  the  merchandising  Ixitween  states.    It  grew  out  of  the  jeul- 
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ouaies  of  tho  smaller  states,  who  were  fearful  lest  the  stronger 
ones  should  take  an  unjuiti  advantage  in  this  re»pcet.  Had  the 
present  conditions  been  foreseen,  other  provisions  might  have 
beeu  made  that  would  have  served  the  needs  better.  However, 
on  this  alejidcr  thread  of  constitutional  authority  arc  hung  the 
many  laws  and  the  elaborate  decisions  relating  to  interstate 
COTomercc.    In  addition  to  this  sotucc  of  authority,  Congress  J 

as  a  governing  body  had  authority  from  common  law  to  deal  vnth 
railroads  as  common  carriers  (that  they  are  such  was  shown  in 
the  first  chapter),  and  to  regulate  their  operations  to  this  extent 
that  common  carriers  had  in  times  past  l)een  controlled  by 
legislation.  Moreover,  the  fact  that  the  Federal  Govcrmnent 
had  given  subsidies  in  the  form  of  laud  grants  and  money  bonuses 
furnishes  an  additional  control  over  these  roads,  for  the  legis- 
lative enactments  that  made  tlicsc  grants  invariably  provided  for 
some  Sort  of  governmental  control.  It  is  jwrhaps  unfortunate 
that  the  Federal  Government  has  not  been  given  authority  for 
complete  control  of  all  business  on  interstate  railroads  rpgurdlcss 
of  whether  the  business  were  interstate  or  intrastate,  because 
Uie  present  divided  control  has  led  to  endless  confusion  and 

■  waste. 
Eminent  Domain.  The  right  of  eminent  domain  is  the  right 
belonging  to  a  sovereign  power  to  control  and  regulate  rights  of  a 
public  nature  anil  t-o  appropriate  and  (^ontn)l  private  property 
for  the  public  benefit,  as  the  public  safety,  necessity,  convenience, 
or  welfare  may  deiuand.  This  right  was  formerly  one  pertaining 
to  majesty  and  it  naturally  descended  to  the  sovereign  power 
of  a  democracy,  vis.,  the  people  themselves.  The  stjite  has  the 
right  to  bestow  this  attribute  or  certain  phases  of  it  upon 
any  person  whom  it  may  choose,  but  the  right  cannot  be  cxer- 

kcised  unless  it  has  been  specifically  bestowed.  It  is  conferred 
upon  railroads  and  certain  other  public  service  corporations  on 
the  theory  that  such  ror|)oratioiw  an'  iH'nefils  to  the  public. 
The  object  of  allowing  railroads  to  exe-cise  the  right  of  eminent 
domain,  wliich  timiatly  arises  in  taking  private  land  for  right  of 
way,  is  to  prevent  an  individual  from  hindering  the  progress  of 
such  an  undertaking  and  the  consequent  common  benefits  re- 

I         suiting  therefrom  by  n^fusing  to  sell  the  land  required  for  its  con- 

H   struction. 

B         The  method  of  procedure  is  about  as  follows  in  obtaining 
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land  by  this  procpss:  Tho  niilroad  dopiisita  a  bond  for  a  specified 
amount,  adntjuato  to  cover  the  probable  cost,  with  a  court  of 
competent  jurisdiction  and  then  enters  upon  the  lanil.  The 
value  of  the  land  is  then  aat)e»§ed  by  a  jury  or  hoard  of  appraiacra 
and  the  value  of  the  land  plus  all  damages  sustained  by  the  owner 
are  paid  him  directly  by  the  railroad,  or  by  the  court  out  of  the 
bond.  Whatever  remains  of  the  bond  is  returned  to  the  rail- 
road eompany.  The  whole  procedure  is  commonly  called  con- 
dcnuiation  proceedings. 

In  this  TTianner,  a  railroad  can  obtain  land  for  right  of  way  for 
new  construction,  for  buildings  and  yards,  for  additional  tracks 
and  for  other  improvements.  It  has  hceu  lipid  also  that  a  rail- 
road can  condemn  and  take  land  for  a  cut-off  or  other  reah'gn- 
ment,  even  though  the  railroad  has  already  obtained  one  right 
of  way  for  the  same  line. 

Common  Carriers.  Due  to  the  public  nature  of  their  buai- 
nesa,  railroads  are  called  common  carriers,  a  term  that  arose  in 
early  couunon  law  applying  to  stagecoiuthes,  draymen,  etc. 
A  common  carrier  is  one  wlio  undertakes  to  carry  goods  or  per- 
sons for  hire  for  whomsoever  may  employ  him.  The  t«nn 
embraces  draymen,  expressmen,  railroads,  Iwrgemen,  steam- 
boflt  companies,  pipe  lines,  etc.  Common  carriers  are  distin- 
guished from  private  earners  by  their  manner  of  emplo>niient 
and  by  their  responsibilities!.  If  A  employs  his  ncightwr,  B. 
to  haul  produce  for  liim,  B  is  a  private  carrier  and  is  responsible 
to  A  only  for  gross  ncglwt.  If  a  person,  however,  does  general 
carr>nng  business  for  the  public,  he  becomes  a  common  carrier 
and  must  exercise  extraordinary  diligence  in  delivering  safely 
goods  intrusted  to  him.  The  liability  of  a  common  ejirrier 
begins  when  goods  arc  dehvercd  to  him  or  to  his  agent  at  the  usual 
place  of  business  and  are  acceptetl  by  the  carrier  for  transporta- 
tion, a"id  continues  until  they  are  technically  delivered  to  the 
consignee.  Conunon  carrici-s  are  not  obliged  to  accept  for  trans- 
portation goods  of  a  nature  other  than  what  they  profess  to 
carr>',  nor  to  undertake  to  carry  goods  by  other  than  the  cus- 
tomary means  and  rout*'.  Tlwy  an'  not  c<>in[)elle-d  to  undertake 
to  carry  goods  of  a  dangerous  nature,  nor  goods  unlit  for  ship- 
mcnt,  and  they  may  require  trunM|>orlafion  charges  to  Ix-  paid 
in  advance.  On  the  other  han<l,  cDiiiiiiun  cHrricrs  are  iKjund 
to  provide  facilities  adequate  for  tronsportatiuu  uf  all  freight 
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and  pa£scnf!Grs  which  may  be  roasonably  expected,  but  they  are 
not  bound  to  proviile  for  exlniordinary  congestion  of  traffic. 

Common  carriers  are  held  to  l>e  the  insureni  of  goods  against 
all  losses  except  (1)  those  caused  by  agencies  beyond  human 
control,  such  &»  t<;m|x;»t,  lightning,  earthquake,  flood,  etc., 
(2)  those  caused  by  an  act  of  a  public  enemy  including  forcifi^ 
foes,  rebels,  rioters,  mobs,  etc..  (3J  those  resulting  from  the  fault 
of  the  ahipprr,  (4)  loss  inherent  in  the  articif*  shipped,  as  extra 
perishable  commoditiefl.  and  (.5)  losses  resulting  from  an  act  of 
pubUc  authority,  such  as  confiscating  a  cargo  for  llic  public 
good. 

The  duties  and  obligations  above  mentioned  as  l)cing  ineum- 
l»ent  ujKjn  a  carrier  apply  also  to  goods  ofTenvI  the  carrier  b)'  a 
connecting  carrier.  One  i-arricr  whose  lines  connect  with  those 
of  another  cannot  refuse  to  deliver  goods  to,  nor  receive  goods 
from,  the  fwnnecting  carrier's  lines.  When  sevend  conne-cting 
cairiors  undertake  to  transport  merchandise,  the  line  upon  which 
the  loss  occurs  sustains  the  loss,  although,  by  a  speria!  provision 
of  (he  Interstate  Conmierce  .*\cl,  the  i-oad  rec4'iving  the  goods  is 
held  liable  to  the  shipper  for  such  loss.  A  common  carrier  has 
a  lien  on  goods  transported  by  him  to  cover  the  aetual  charges 
of  transportation,  but  this  right  does  not  extend  to  incidental 
charges  such  as  demurrage. 

Railway   Nationalization.    Owing    to   the   close   relationship 
existing  between  the  railways  and  society,  some  have  advocated 
the  ownership  and  operation  of  railway's  by  the  government. 
vThp  railways  of  Oennany,  Russia,  France  and  most  other  Con- 
Htinentnl  countries  as  well  as  those  of  .\ustralia  and  sonic  other 
^Djigliah    colonies    are    government    ownetl,    representing    about 
^80  per  cent  of  the  railway  mileage  of  the  world.     In  Me.\it!o, 
a  uni(|ue  scheme  has  Ixi'ii  atlopted  which  sct^ms  to  offer  many 
of  the  advanta.ges  *vhile  avoiding  most  of  the  dangers  of  gov- 
ernment mvnership.    There   the  national   government  owns  a 
controlling  interest  in  all  the  roads  and  hence  can  dictate  their 
general  policies,  but  the  operation  of  the  lines  is  under  private 
control  as  it  is  in  the  United  States.    The  arguments  commonly 
II     advajiced  in  favor  of  government  ownership  are: 
^m      1.  It  would  obviate  losses  resulting  from  competition. 
^^^^.  A  compn'hensive  system  of  trunk  Unes  and  feeders  could 
^HRteveloped  which  would  be  an  ecooouay  in  many  respects. 
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3.  Possible  uses  for  public  purposes  could  be  more  readily 
effected. 

4.  There  would  Iw  less  lalwr  disturbance. 

Some  of  the  argumente  against  government  ownership  are: 

1.  Inability  of  a  government  bureau  or  orgaiiizutton  to  handle 
the  railwayB  properly. 

2.  Inevitable  political  entanglements  and  abuses  would 
rt!8ult, 

3.  Cumbersome  methods  employed  would  militate  against 
a  service  responsive  to  the  public  needs. 

In  the  history  of  railroads  iii  the  United  States,  several 
Unes  were  built  by  the  separate  states,  but  they  were  found 
to  be  unsatisfactory  and  gradual!}'  passed  into  private  owner- 
Bhip. 

Interstate  Commerce  Act.  Under  the  authority  conferred  by 
the  Constitution  to  regulate  commerce  between  slates,  an  act 
pro\nding  swfh  regiilation  was  passed  by  Congress  in  1887  and 
has  been  amended  in  various  important  respects  since  that  time, 
there  having  been  about  nine  such  modifications  in  all.  Hue 
act  as  amended  contemplates  the  control  of  numerous  corpora- 
tions doing  business  between  states,  its  provisions  appljing 
"  to  any  person  or  persons  engaged  ii»  the  transportation  of  oil 
or  other  commodity,  except  water  and  natural  or  artificial  gas, 
by  means  of  pi^x:  lines,  or  partly  by  pipe  lines  ajid  partly  by 
railroad,  or  partly  by  pipe  Une  and  partly  by  water,  and  to 
telephone,  telegraph,  and  cable  companies  (whether  wire  or  wire- 
less) engaged  in  sending  messages  from  one  Stale,  Territory, 
or  District  of  the  United  States,  to  any  other  State,  Territoiy, 
or  District  of  the  United  Slates,  or  to  any  foreign  conntrj*,  who 
shall  be  considered  and  held  to  be  common  carriers  mthin  the 
meaning  and  purpose  of  this  Act,  and  to  any  common  carrier 
or  carriers  engaged  in  the  transportation  of  passengers  or  prop- 
erty wholly  by  railroad  (or  partly  by  railroad  and  partly  by 
water  when  both  are  used  under  a  common  control,  management, 
or  arrangement  for  continuous  carriage  or  shipment),  from  one 
State  or  Tcrritor>'  of  the  United  States  or  the  District  of  Co- 
lumbia, or  from  one  place  in  a  Territory  to  another  place  in  the 
same  Territorj'.  or  from  any  place  in  the  United  States  to  another 
place  in  an  adjacent  foreign  country,  or  from  any  place  in  the 
United  States  thnmgh  a  foreign  country  to  any  other  place  in  the 
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United  States,  and  also  id  the  transportation  in  like  manner  of 
property  shipped  from  any  place  in  the  United  States  to  a  foreign 
country  and  carried  from  such  place  to  a  port  of  trans-ship- 
ment, or  shipped  from  a  foreign  country  to  any  place  in  the 
United  States  and  carried  to  such  a  place  from  a  port  of  entry 
either  tu  the  United  States  or  an  adjacent  foreign  country: 
Frofidid,  hourvfrf  That  the  provisions  of  this  Act  shall  not 
apply  to  the  transportation  of  paasergers  or  property,  or  to  the 
receivinR,  deUvcring,  storage,  or  handling  of  property  wholly 
within  one  Htate  and  not  sliipiied  to  or  from  a  foreign  country 
or  to  any  State  or  Territory  as  aforesaid,  nor  shall  they  apply 
to  the  transmission  of  messages  by  telephone,  telegraph,  or  cable 
wholly  within  one  State  and  not  transmiltptl  to  or  from  a  for- 
eign countiy  from  or  to  any  State  or  Territor>'  as  aforesaid. 

"  The  term  *  common  carrier  '  as  used  in  this  Act  shall  include 
express  companies  and  sleeping-car  companirs.  The  tenn  '  rail- 
road '  as  used  in  this  Act  shall  include  all  bridges  and  ferries 
use<l  or  o|)erated  in  connection  with  any  railroad,  and  also  all 
the  road  in  use  by  any  corporation  operating  a  railroad,  whether 
owned  or  operated  under  a  contract,  agreement,  or  lease,  and 
ahnll  alsti  include  all  switches,  spurs,  tracks,  and  temiinal  facili- 
ties of  every  kind  used  or  necessary  in  the  transportation  of  the 
iperaona  or  property  designated  herein,  and  also  all  freight  depots, 
yards,  and  grounds  used  or  neccMsary  in  the  I  ransportation  or 
delivery  of  any  of  said  property;  and  the  term  *  transportation ' 
shall  include  ears  and  other  vehicles  and  all  Instrumentalities 
and  facilities  of  shipment  or  carriage,  irrestiertive  of  ownership 
or  of  any  contract  express  or  implied,  for  the  use  thereof  and 
all  services  in  connection  with  receipt,  delivery,  elevation,  and 
tnuiafer  in  transit,  ventilation,  refrigeration  or  icing,  storage, 
and  handling  of  propt^rty  trans)K>rted;  and  it  sliall  be  the  <iu(y  of 
tevcry  carrier  subject  to  the  provisions  of  this  Act  to  provide  and 
furnish  such  transportation  upon  reasonable  request  therefor, 
and  to  establish  through  routes  and  just  and  reasonable  rates 
applicable  thereto;  and  to  provide  reasonable  faciUtics  for  operat- 
ing such  through  routes  and  to  make  reasonable  rules  and  regu> 
lations  with  rci^iKHit  to  the  exchange,  inlert^hange,  and  return  of 
cars  used  therein,  and  for  the  operation  of  such  through  routes, 

,nd  for  providing  reasonable  compensation  to  those  entitled 

hereto." 
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In  order  to  carry  this  act  into  effect  properly,  one  of  its 
provisions  estjihlishpii  thu  Intcrstatr  Commerce  Commission, 
whose  functions  will  now  !»e  l)rii'fiy  oiitlined. 

Interstate  Commerce  Commission.  Tlie  hotly  established 
for  the  pui|>ose  of  cimslniian;  ami  applying  the  provisions  of 
the  Interstate  Commerce  Aet,  known  a«  the  Interstate  Coimneroe 
Conmiission.  consists  of  seven  members  appointed  for  seven 
years,  one  Coinniiswuner's  term  expiring  each  year,  at  a  salary 
of  $10,000  per  annum.  No  person  officially  connected  with  any 
cuniniun  carrier  or  holding  stocks  or  bonds  of  one  is  olif^iblc 
to  be  appointed  on  the  ('uniniission.  The  Commission  has  its 
principal  offices  at  Washington,  but  whenever  the  convcnicnoe 
of  the  public  or  of  the  parties  involveil  nia^'  be  promoted,  the 
Commission  may  hold  8p(M;ial  sessions  anywhere  in  the  United 
States.  It  may,  by  one  or  more  of  its  Commissioners,  prose- 
cute any  inciuirj-  necessary  lo  its  <luties  jn  any  i>art  of  tlie  United 
States.  It  is  required  to  submit  an  annual  report  of  its  findings, 
which  is  pubtislied  and  mode  available  to  the  puBlic.  The 
following  are  some  of  the  more  important  |>owers  conferred  uptm 
the  Commission : 

1.  To  inquire  into  the  management  of  the  business  erf  carriers 
and  to  obtain  from  such  carriers  full  information  pertalouig 
thereto,  and  to  require  aimual  reports  of  all  carriers  subject  to 
the  Act. 

2.  To  subpoena  witnesses  and  to  require  documentar>'  evi- 
dcftcc,  such  as  books,  tariffs,  contract.'!,  etc.,  to  be  submitted. 

3.  To  hear  coinplaiulji  by  imy  person,  finn  or  association, 
or  any  common  carrier,  concerning  anything  done  or  omitted  to 
be  done  by  any  common  carrier. 

4.  To  make  invtt>tigations  of  its  own  initiative  of  the  buai- 
nesB  of  common  carriers  as  affecting  the  public. 

5.  To  prescrilx>  *'  just  and  rcns<jnable  "  rates  and  classi- 
fications and  "just  and  reas4>riabK'  "  (>rae(iees. 

6.  To  investigate  new  yhedules.  classifications  and  practices 
(all  new  schedules  and  classifications  are  required  to  be  filed  with 
the  Coinmissinn  thirty  day«  Ix'fore  going  into  effect),  and  to 
determine  the  propriety  of  such  schedules,  classifications  and 
practic*et>,  and  to  suspend  such  new  whcduU^  if  deiineil  proper. 
The  burden  of  proof  of  the  reasonableness  of  any  schedule  is  on 
the  carrier  invoh'cd. 
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7.  To  establish  through  routes  and  joint  ratce  and  clasRi* 
fications,  within  r^rtain  limitations. 

8.  To  award  dami^t*  to  a  complainant  against  a  carrier  if, 
after  a  heariDK,  such  daraaffes  are  found  to  exist. 

9.  To  prpscrilie  form8_of  a^-counting  for  common  carriers  sub- 
^jcct  to  this  Act. 

H  10.  To  determine  the  value  of  aU  pi-operly  of  all  carriers  sub- 
'  ]ect  to  this  Act,  and  to  employ  experts*  for  tins  purpose.  (Sec 
_  Cbap.  IV.) 

H       Mauy  minor  provisiotis  and  implied  powers  are  conferred  by 
Hthe  Act  which  need  not  br  riicntionoti  in  this  connection. 
"       Other   Provisions   of   the   Act.     The    Interstate   Conmierce 
Act   as  originally   enartecl   and   lut^r   aniendt^I   ini^ludes  many 
provisions  affertinK  carriers  and  interstate  commerce  other  than 
that  of  creating  and  defining  ihe  powers  of  the  Interstate  Com- 
merce Comnii.*aon.     Arjiong  thew  the  follcnving  regulations  may 
be  mentioned  as  bearing  more  directly  on  the  subject  at  hand: 
1.  The  giving  of  frec_p!i,s.so.s  and  free  transportation  is  pro- 
hibited except  to  emi>l<tyces  and   their  familie.s  and  to  a  few 
other  classes  of  persons.    Interchange  of  passes  between  rail- 

PtooAr  is  allowwl. 
2,  Uaitroada    cannot    transiwrt    commodities    manufactured 
by  themiielvcs,  which  mean)*  that  they  cannot  own  mines,  man- 
ufactures,  t*lc.     Timlter   is    e.vcepted.      Tlus    i.s   known   as  the 
"  Commodities  Clause." 

3-  C<immon   carricra  must    construct  sw;itih   CQUuectious  to 
any  other  carrier's  hncs,  or  to  a  private  truck,  whenever  there  is 
I      sufficient  business  to  justify  the  same. 

^L      4.  Unjust^cUflcriniination  in   rates  between  shippers  is  for- 
^■bidden.     This  applies  especially    to   large   and   small   shippers. 
Rebates  and  similar  practices  are  forbidden. 

5.  Unr^Bflnaille_IUSfcrcncc  or  advantage  may  not  be  given 
to  ont!  person  or  lo(vdity  that  is  not  aticordiMl  to  all  tliat  are 
suniiarly  situatnl. 

C.  In  gi-nenil,  s|K.-ciul  or  luw  lunKrhaul  rates  are  forljidden. 

7.  Pooling  ofiiartiiht  and  the  (Hinsequinit  division  of  ejirnings 
Arc  forbidden. 

8.  Railroads  cuitnot  own  t-uinpt^ting  water  carricra  (Anirnil- 
Ltncnt  ini2).    The  facts  in  this  ci^nneclion  are  to  be  determined 

>y  the  Interstate  Commerce  Commission. 


GOVERNMEKTAL  CONTROL  OF  RAILWAYS 


9.  Schcdulcg  giving  all  information  concerning  rates  and  fares 
must  be  posted  and  kept  open  for  public  examination  and  must 
be  filed  with  thp  Interstat^i  Commerce  Commission  thirty  days 
before  taking  eflfopt . 

10.  Joint  schedules  must  specify  the  carriers  participating. 

11.  Periiona  claiming  damage  may  elect  wliether  to  bring 
complaint  before  the  Commission  or  before  a  Federal  Court. 

12.  The  carrier  receiving  goods  for  transportation  is  Uablc 
to  the  shipper  for  all  loss  or  damjige  during  shipment. 

13.  Each  carrier  subject  to  the  Act  is  required  to  designate 
an  agent  in  Washington  upon  whom  service  of  notices  and  proc- 
esses may  be  made  on  behalf  of  the  carrier. 

14.  Penalties  are  provided  for  failure  to  comply  with  the 
provisions  of  the  Act. 

The  Elkina  Ad  passed  in  190ti  makes  a  railroad  as  well  as 
the  oflicera  responsible  for  any  misdemeanors  committed  by  the 
officers.  It  also  makes  it  a  misdemeanor  for  any  jxTson  to  solicit 
or  receive  a  rebate  from  a  railroad  company  as  well  as  for  the 
railroad  company  to  give  rebates.  The  Expeditin-j  Act,  passed 
in  1910,  provides  that  any  case  in  which  the  United  States  is  the 
complainant  may,  by  praper  certification  by  the  Attorney  Gen- 
eral, be  giveji  precedence  in  auits  in  eqmty  in  a  Federal  Circuit 
Court,  80  that  such  cases  may  be  tried  as  quickly  as  practicable. 

Other  provisions  of  tlit;  Interstate  Commerce  Act  need  not 
be  mentioned  here,  but  for  a  further  study  a  copy  of  the  act 
itself  should  Im?  olitaincd. 

State  Regulation.  States  obtain  authority  to  exercise  con- 
trol over  the  railways  within  their  boundaries  from  the  condi- 
tions of  granting  the  charters,  because  of  grants  and  bonuses 
given  in  some  instances,  and  from  the  common  law  right  to  con- 
trol common  carriers.  Naturally,  slate  control  is  limited  to  the 
borders  of  the  state  and  is  8ul>ordinate  to  Federal  control.  Cer- 
tain hmilations  to  state  control  were  fixed  by  the  decisions  in 
the  Minnesota  Kate  Cases,  which  are  discussed  later  in  this 
chapter.  All  of  the  states  have  enacted  laws  seeking  to  regu- 
late railruiul  activities,  and  all  but  five,  Delaware,  Utah,  West 
Virginia  and  Wyoming,  have  pubUc  sen'ice  commissions  created 
for  the  purpose  of  such  regulation.  The  special  enactments 
of  each  in<Uvitiual  state  involved  in  any  project  should  Iw  closely 
scAoned  for  any  provisions  that  might  affect  railroad  operation 


^in  that  state.    Ob\'ioualy  only  a  very  brief  r^uiiw?  of  the  various 
enactments  can  l»e  given  here,  rovcrlng  only  a  few  of  the 

3t  general  anH  most  important  provisions. 

The  Controlling  Body.  In  mo3t  of  the  states,  the  controlling 
body  is  callwl  the  Hailroad  Commission,  in  others,  the  Public 
Utihties  or  Public  Sen-irt'  Conrniission,  in  others,  the  Railroad 
and  Warehouse  Commisaion,  and  in  one  the  State  Corporation 
Commission.  The  body  usually  consists  of  from  three  to  five 
members  appointed  by  the  governor  of  the  state.  In  ver>'  few 
states  is  there  any  statute  prescribing  the  qualifications  of  the 
conunissioners.  Maine,  Michigan^  Nevada,  and  Ohio  laws 
state  that  one  conmussioncr  shall  be  a  lawyer  and  the  other  two 
railroad  men.  The  Maine  law  requires  that  one  shall  be  a 
klawyer,  one  a  ci\'il  engineer  and  one  a  man  experieneed  in  the 
management  and  operation  of  railroads.  In  many  states  the 
law  proliibits  membei's  of  the  commission  from  having  any  con- 
nection with  any  carrier. 

»The  jurisdiction  of  the  commission  usually  extends  to  all 
trarutiKirtation  and  express  companies,  slecpiyg-car  and  other 
car  compatties,  and  to  telephone  and  telegraph  companies.  The 
conunissioners  arc  commonly  empowered  to  regulate  rates,  cor- 
rect abuses  of  management  and  in  general  exercise  a  regulative 
influence  over  the  operation  of  such  companies.  To  this  end, 
they  are  empowered  to  examine  the  Imoks  of  any  company  and 
to  eecupc  information  from  its  officials  under  oath.  In  several 
states  the  commissioners  may  mediate  in  controversies  affecting 

^ public  utilities. 
Fixing  Rates.  The  laws  of  practically  all  states  having 
a  commission  follow  the  Federal  statute  in  stating  that  rates  and 
tarilTs  shall  be  just  and  reasonable,  and  pro\'ide  for  penalties 
in  the  ease  of  extortion  or  unjust  discrimination.  The  com- 
missions are  generally  empowered  to  fix  rates,  although  the 
United  States  Supreme  Court  has  decided  (Minnesota  llate 
Coaes)  that  rates  fixed  by  states  shall  not  be  confiscatory.  Many 
fltates  have  definitely  established  rates  which  are  tabulated  in 
the  statute  books,  while  others  have  laid  down  general  rules 
for  making  up  through  rates,  etc.  The  New  York  law  states, 
"  In  determining  the  rates  of  common  carriers,  railroad  and 
street  railroad  i-orporations,  conmiission  shall  give  due  regard, 
other  things,  to  a  reasonable  average  return  upon  the  value 
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of  the  property  actual!}*  used  in  the  piihlir  service  and  to  the 
necessity  of  making  reservation  out  of  ineoine  for  surplus  and 
contingencies."  (Laws.  1910,  Ch.  480.)  The  Ma.ssachu»clt« 
law  is  similar  in  providing,  "  iiailrond  commiftsion  in  fixing  or 
changing  rates  of  carriers  Bhali  give  due  regard  among  other 
things  to  a  reasonable  return  upon  the  value  of  the  carrier's 
property."  (Acta,  1911,  Ch.  755.)  Sevonil  other  states  have 
siiuUar  provisions. 

In  order  to  ascertain  the  value  of  the  carriers  property, 
the  following  Btjitc»  have  nia4le  provision  for  nmking  a  valuation 
of  the  railroad  properties  within  their  jurisdiction:  Arizona, 
Arkansas,  California,  Florida,  CJeorgia,  Kansas,  Maryland, 
Massachusetts,  Michigan,  Minnesota,  Nebnwka,  New  Jers^, 
Dliio,  Oklahoma,  Oregon,  Pennsylvania,  S.  Dakota,  Texas, 
Washington,  Wisconsin  and  perhajja  a  few  others.  Very  few 
of  the  statutes  have  attempted  to  preflrril)e  a  method  of  making 
such  a  valuation,  although  a  few  have  done  so.  tVir  example, 
the  Kansas  statute  ix'ads,  "  C'ommission  shall  asccMlain  as  early 
as  practicablp  Ihe  amount  of  money  expended  in  construction 
and  equipment  per  mile  of  every  railway  in  the  State,  the  money 
expenilwl  to  procure  right  of  way,  alid  the  amount  of  money 
it  would  require  to  reconstnict  the  roadbed,  track,  depots  and 
transiiortation  faciUties  and  to  replace  all  the  physical  properties 
belonging  to  the  riairoad."     (Slats.,  l'JO<»,  Sec.  7217.) 

Practically  all  of  the  states,  following  the  provision  of  the 
Intel-state  Commerce  Act,  require  that  no  change  be  made  in 
tariffs  or  other  charges  witliout  such  changes  being  published 
for  a  period  vaiying  from  ten  to  thirty  days  before  Uiey  take 
effect,  and  that  the  proi«isccl  adicdules  be  Bled  with  the  comniis- 
sion  for  a  like  period.  They  also  provide  that  all  tariff  rates 
shall  be  open  to  inspection  by  the  public  and  that  they  shall 
be  printed  distinctly  so  that  they  may  lie  easily  read  and  under- 
stood. 

Unjust  Discrimination  and  Rebating.  In  order  to  encourage 
large  slnpix'rs  to  usi*  Iheir  lines,  the  railroads  made  a  practice 
of  refunding  a  portion  of  the  fivight  charges  to  such  shi|>|)era 
and  in  other  ways  discriminating  in  their  favor.  Such  refunda 
are  called  rebates.  In  most  slates  l\w.  statutes  expressly  forbid 
charging  a  gifaler  amount  to  one  ixjrson  than  to  another  for  a 
like  and  conlemiwraneuus  service.    For  cxuinpic,  the  Wiscuuain 
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statute  Tcods,  "  Tf  any  railroad  or  any  officer  or  agent  thereof 
shall  directly  or  iiidirectly  by  any  special  rate,  rebate,  drawback 
or  by  meanB  of  false  billing,  faW*  daasififution,  false  weighing  or 
any  other  device  whatsoever  charge,  demand,  collect  or  receive 
from  any  person,  firm  or  corporation  a  greater  or  less  c<nn|ji'n- 
sation  for  any  service  rcnderetl  by  it  for  tratisportMion  of  |>er- 
aons  or  property  or  for  any  service  in  connection  therewith  than 
that  prescribed  in  the  published  tariffs  then  in  force  or  e.stal)- 
liahed  by  law  or  than  it  cliargt-s,  demands,  collects,  or  receives 
from  any  other  person,  firm  or  corporation  for  a'  like  and 
contcniporaneoua  service,  such  railrond  shall  Iw  deenioi  guilty 
of  unjust  discrimination,  which  in  prohibited  and  declared  unlaw- 
ful, and  upon  conviction  thereof  shall  forfeit  and  pay  into  the 
lie  treasury  not  Ic-ss  than  $100  nor  more  than  $I0,(»00  for  cat-h 
fenae;  and  any  agent  or  officer  my  offending  t^hall  be  considered 
lilty  of  a  misdemeanor  and  upon  con\ietiun  thereof  shall  be 

"^punished  by  a  fine  of  not  leas  than  $50  nor  more  than  $10(J  for 

teach  offense." 

Size  of  Shipment.  In  order  to  prevent  a  certain  fonu  of  dis- 
criniinalion  Honie  of  the  states  have  specific  laws  prohibiting  car- 
riers from  charging  lower  rates  for  large  shipments  than  for  amall. 
The  Iowa  statute  in  this  njgard  is  typical  and  reads,  "  No  common 
earner  shall  charge,  collect,  demand  or  receive  more  for  trans- 
porting a  car  of  freight  than  it  at  the  same  time  charges,  collects, 
demands  or  receives  per  car  for  several  cars  of  like  class  of  freight 

[Over  tlie  same  railway,  for  the  same  distance  and  in  the  same  direc- 
tion; nor  charge,  collect,  demand  or  receive  more  for  trans- 
porting 100  Uis.  of  freiglii  than  it  charges,  collects,  demands  or 

[receives  for  aevcnd  hundred  pwunds  of  frcight,  under  a  ton,  of 
a  like  nlaxp,  over  the  same  railway,  for  the  same  distance,  in  the 
same  direction."    (C«le,  18ft7,  fiec.  214G.) 

Long  and  Short  Haul  Clauses.  In  order  to  meet  water 
competition,  niilro:ids  in  <:erlain  instances  made  extremely  low 
rates  for  long  distance  hauls  and  higher  rates  to  intermediate 
points.  For  example,  the  rate  from  New  York  to  Seattle  lia{l  to 
meet  the  water  rate,  consequently  the  rate  to  such  an  inland  city 
as  tSpokane  was  made  equal  to  the  rate  to  Seattle  plus  the  back 
haul  rate  from  Seattle  to  Spokane.  To  a  certain  exttmt,  a  higher 
rate  per  Ion  mile  is  justified  for  ii  short  haul  than  for  a  longer  one 
owing  to  the  high  proportion  of  the  total  cost  of  transportation 
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involved  in  handUoR  at  the  tcmiinals.  However,  the  "  long 
and  ehort  Imul  "  cJaus*^  was  intended  to  prevent  a  larger  charge 
for  a  short  distance  than  for  a  longer  one  when  the  short  dis- 
tance is  comprehended  in  the  longer  one.  Thirty-six  of  the  states 
following  the  lead  of  the  Federal  Government,  have  enacted  laws 
almost  identical  with  Sec.  4  of  the  Interetate  Commerce  Act, 
which  states,  "  That  it  shall  be  unlawful  for  any  common  car- 
rier subject  to  the  provisions  of  this  Act  to  charge  or  receive 
any  greater  compensation  in  the  aggregate  for  the  transporta- 
tion of  passengers,  or  of  hke  kind  of  property,  for  a  shorter 
than  for  a  longer  distance  over  the  same  line  or  route  in  the 
same  direction,  the  shorter  being  included  in  the  longer  distance, 
or  to  charge  any  greater  compensation  as  a  through  route  than  the 
aggregate  of  the  intermediate  rates  subject  to  the  provisions  of 
this  Act."  TTie  InterstaH?  Commerce  Commission,  however, 
may  modify  this  provision  to  a  certain  extent  if  after  investiga- 
tion it  should  find  such  action  justified.  The  statutes  of  Illinois 
and  of  several  other  states  expressly  proWde,  however,  that 
"  nothing  herein  contained  shall  be  so  construed  as  to  prevent 
railroad  corporations  fn»m  issuing  commutation,  excursion  or 
thousnnd-mile  tickets,  as  the  same  arc  now  issued  by  such  cor- 
portitiims." 

Adequate  Service  and  Facilities.  That  common  carriers  shall 
provide  adequate  facilities  fur  doing  the  business  which  they  arc 
supposed  to  do,  is  pnividt^  in  most  state  legislation  as  well  as 
in  the  Federal  Act.  The  laws  of  Kansas  are  typical  in  tliia 
respect:  **  Everj*  conunon  carrier  antl  public  utility  governed 
by  the  provisions  of  this  Act  shall  l)e  required  to  furnish  reason- 
able, efficient  and  sufficient  service,  joint  sen'ice  and  facilitiea 
for  the  use  of  any  and  all  pr<vUirts  or  services  rendered,  furnished, 
suppUed  or  produced  by  such  public  utibty  or  common  carrier." 
Also,  "  Rverj'  railway  company,  expreas  company  and  tele- 
graph company  shall  ftmiish  ndc<iuate  tcleplione  connections 
between  its  offices,  buildings  and  grounds  and  the  public  tele- 
phone exchanges  operated  in  the  towns  where  the  same  are 
located." 

In  regard  to  the  character  of  maintonancc,  twenty-eight  states 
have  laws  of  which  the  Indiana  law  is  typical:  "  Whenever  Com- 
mission shall  sccui-c  reliable  infonrmtion  ur  coniplttint  shall  have 
been  made,  or,  Ijccausc  of  rciwrla  made  by  inspectors,  shall  have 
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reason  to  believe  that  any  carrier  does  not  keep  its  road  or  equip- 
ment in  proper  condition  and  repair  for  the  security  of  its  em- 
ployees or  the  public,  or  that  auy  carrier  does  not  maintain 
adequate  and  suitable  depots*,  buildings,  platforms,  switcheSj 
and  sidetracks  for  pa.ssenger8  and  for  the  receiving,  protecting, 
handling,  forwardiux,  and  delivery  of  all  freight  offered  for  ship- 
ment or  received  at  said  stations,  or  that  there  is  a  dangerous 
defect  in  connection  with  the  operation  of  any  railroad  or  any 
railroad  l>ridge,  culvert,  curve,  embankment,  water  tank,  crane, 
frog,  railroad  or  wagon  road  crossing,  ties  or  tracks,  motive 
power,  stations,  rolling  stock,  machinery  or  in  any  roadbed  or 
ground  uswl  in  connection  with  tite  operation  of  any  railroad, 
or  any  dangerous  neglect  or  fault  in  the  construction,  equip- 
ment or  management  of  any  railroad,  Commission  shall  cause 
such  investigation  t*>  be  made  as  it  may  deem  necessary,  and  when 
such  investigation  shall  have  been  made,  said  Commission  shall 
make  a  report  to  the  manager  or  superintendent  of  the  railniad 
company.  In  said  report  and  reconunendations,  Commission 
shall  make  an  accurate  statement  of  the  time  such  examination 
was  made,  of  the  exact  location,  character  and  extent  of  such 
defects  or  omissions,  if  any  such  shall  have  l>ecn  found,  and  shall 
also  recommend  such  reasonable  changes  and  improvements, 
additions,  buildings  and  acconmiodations,  as  arc,  in  the  opinion 
of  the  Commission,  neecssarj'  to  remedy  such  faults,  negiecta, 
requirements  or  defects.  Such  recommends  I:  ons  shall  mt  out 
8peci6cally  a  reasonable  time  witliin  which  such  improvements, 
changes  or  additions  shall  bo  made  by  the  railroad  company. 
And  if  they  are  not  so  made  v^itMn  the  said  time  specified,  then 
Commission,  if  it  deem  it  best  to  do  so,  may  commence  pro- 
ceedings by  mandamus  or  other  remedy  in  some  circuit  or  superior 
court  having  juri.^iction  of  the  carrier  to  enforce  compliance  with 
ltd  order.  jVU  courts  shall  give  preference  to  such  cases  and 
determine  the  same  speedily  to  the  end  that  public  interest 
may  not  suffer."     (Acts,  Iftll,  Ch.  76.) 

Safety  of  Operation.  Perhaps  the  most  feasible  field  for  sta,te 
islation  in  controlUng  railroads  is  in  matters  pertaining  to 
y  of  operation,  particularly  in  matters  of  a  local  nature. 
Some  thirty  or  more  states  have  passed  legal  enactments  affect- 
ing various  phases  of  operation  rcUiting  to  safety.  The  acts 
usually  provide  (1)  that  in  the  case  of  new  construction,  the 


1      may 
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roadway  and  other  facilities  Ise  certified  as  safe  by  the  commis- 
sion, (2)  that  fac-ilitirs  nuiy  Iw  ins]>«*i'U?d  at  any  lime  by  thi* 
foimnission  arid  rnpairs  tirdt^rcd,  {'.i)  that  in  rase  of  accidents 
resulting  in  death  or  serious  injury,  the  commission  is  authorized 
to  investJRate  Ihc  circunislances  and  Ibnl  tlic  ofTicrrs  are  rtxiuired 
to  report  all  such  ai-cidenlH  to  ihi*  rcmmiisHion.  The  Massa- 
chusetts law  reads  as  follows:  "  Commission  shall  have  the  general 
suijorvision  of  all  railroads  and  niilwuvN,  ;iml  shall  examine  the 
samCf  and  the  Oomniission  sliall  keep  il.st'lf  itifiirmed  as  to  the 
condition  of  railroads  and  railway;^  and  the  manner  in  which  they 
are  ojxralrd  with  reference  to  the  seiurity  and  accommodation 
nf  the  public-,  and  as  to  the  roniplianiv  of  the  several  railroad 
corporations  and  street  railway  companies  with  their  chartera 
and  the  laws  of  the  state.  Commission  may  from  time  t:)  time 
rC'fiiitre  railroad  i-orporat  Ions  and  street  railway  companies  to 
install  and  maintain  at  such  places  upon  the  railroad  or  street 
railway  premises  a**  it  shall  designate  such  block  or  other  sIr- 
nals  or  devices  as  it  shall  approve  for  the  jmriHiae  of  safeguarding 
public  travel"     (Act  1906,  Ch.  463.) 

Granting  of  Franchises.  At  least  twelve  states  have  a  legal 
requirement  that  public  utilities  must  sliow  a  social  need  of 
their  existence  before  a  franchise  or  charter  may  be  granted. 
The  Kansiis  law  is  representative  t>f  thc;se  provisions:  "  No 
common  rarrier  or  pul)lie  utility  shall  transact  business  in  the 
state  until  it  shall  have  obtained  a  certificate  from  the  Com- 
mission thai  public  convenicnnr  will  l>r  jn-omoted  by  the  trans- 
action nf  s.iid  business  and  ptrmitting  said  applicjints  to  transact 
the  business  of  a  common  carrier  of  public  utility.  This  section 
shall  not  apply  to  a  conuncm  carrier  or  public  utility  governed 
by  the  provisions  of  this  net  now  tnmHacting  business  in  the 
state."     (Lows  1911.) 

Such  laws  are  iiitendi^I  to  prevent  the  tinjustifiablc  enter- 
prises in  railroad  building  which  nuiy  Ih*  the  n'sult  of  wild- 
catting  operations  of  unscrupulous  promoters  or  the  unwise  appli- 
cation of  community  efTorl.  Most  of  the  states  having  a  railroad 
commission,  confer  upon  mimicipalities  the  right  to  control  street 
railways  within  the  municipal  liniita. 

Issue  of  Stocks  and  Bonds.  The  right  to  issue  stocks  and 
bonds  by  creating  a  liea  upon  corporate  property  is  specifically 
declared  by  some  states  to  be  a  special  privilege  and  subject  to 
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the  contnil  of  the  public  service  cornmisfiion.  The  law  of  Kansoii 
may  be  quoted  to  illvistratc:  "  A  public  utility  or  common  car- 
rier may  issue  stocks,  certificates,  botu!:^,  notes  or  other  evidences 
of  indebted nc88,  payable  at  [x^riodH  of  more  than  twelve  months 
after  the  date  thennif,  when  necessary  for  the  jictiuisJlion  of  prop- 
erty, for  the  purpose  of  curiying  out  its  corporate  powera,  the  con- 
slniction,  completion,  extension,  inipravemenl  or  maintenanoc 
of  ita  service,  or  for  the  <liHcharge  or  lawful  funding  of  ita 
obligations,  or  for  such  other  purposes  as  may  be  authorized  by 
law;  provided,  and  not  otherwise,  that  there  .shall  liave  been 
secured  from  tlie  flommiRsiim  a  certificate  gtating  the  amount, 
character,  purposes  and  tenns  on  which  such  stttcks,  certifi- 
cates, bondH,.notca  or  other  evidences  of  indebledneas  are  pro- 
posed lo  be  issued,  as  set  out  in  the  application  for  such  certificate, 
and  the  statements  contained  in  sudi  apphi-atiou  have  been 
aBoertained  to  be  true."  (Laws,  1911.)  Arizona,  California, 
Kansas,  Ohio  and  Wisfonsin  also  have  provision  for  controlling 
the  iasuin^  of  dividends. 

Minnesota  Rate  Cases.  Bccauae  of  their  far-readiiug  in- 
nce  and  tlie  lenptii  of  time  they  were  in  rniirt,  certain  rate 
■s,  known  as  the  Miunesotn  Kate  Cases,  require  brief  mention 
in  this  connection.  In  1906  the  Ilailniad  anti  Warehouse  Cotn- 
mis^on  of  Minnesota  issued  certain  orders  declaring  that  exist- 
iuK  rates  in  in.stances  cited  were  unreasonable,  and  estabUshing 
a  new  schedule  of  inaximuiii  rates.  The  Northern  Pacific, 
the  Groat  Northern  and  the  Minneapolis  and  St.  I^uis  railways, 
doing  rhiclly  an  interstate  business,  hrought  suit  lo  n-strnin  the 
i>nforcement  of  thi'sc  orders  and  of  two  acta  of  the  le^Iature 
proiicribing  maximiun  charges  fur  the  transjwrtation  of  freight 
mid  passengers.  The  couiplainaitts  assailed  the  acts  and  orders 
on  tho  grounds  Ihnt  (1)  they  amountc<l  to  an  unconstitutional 
interference  with  interstate  comincree,  (2)  they  were  confisca- 
tory and  {'A)  the  penalties  imposed  for  their  violation  were  so 
severe  as  lo  residt  in  a  denial  of  the  equal  protection  of  the  laws 
a  deprivation  of  property  without  a  due  process  of  hiw. 
circuit  court  referred  the  suite  lo  a  si>eciui  master  in  chancery 
who  took  the  evidence  and  made  an  elaborate  report  sustaining 
the  complainants'  eout<:nlions,  with  one  minor  exception,  and  in 
this  report  the  court  concunrd.  The  attorney  general  of  the 
statv  and  the  commission  uppeale<l  the  case  to  the  United  States 
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Supreme  court.    Without  quoting  at  IcnKth,  the  decision  of  the 
Supreme  00011  incluilt'd  thr  followiiif^  points: 

1.  The  Constitnlion  Rives  Congress  adequate  authority  to 
Bccurc  the  freedom  of  interstate  commerce  from  state  control 
aiid  to  provide  the  necessary  regulation. 

2.  The  state  has  control  over  commerce  that  is  strictly 
intrastate. 

3.  Where  matters  FalUng  witliin  the  state's  power  ore  also 
by  reason  of  their  relation  to  interstate  commerce  mthin  the 
reach  of  Federal  jurisdiction,  Congress  must-  judge  of  the  neces- 
sity.of  Federal  action,  and  until  Congress  acts  the  state  may 
act. 

4.  The  Court  found  that  the  acta  in  question  did  not  inter- 
fere with  the  Federal  regulation  of  intersUte  cnmmcrce. 

5.  The  Court  decided  that  in  general  the  rates  were  not  con- 
fiscatory, but  stated  that  private  property  "  rests  secure  under 
the  conslitutional  prelection  which  extends  ...  to  the  right 
to  receive  just  compensation  for  services  given  the  pubUc." 
In  other  words,  the  Supreme  Court  affirmed  the  right  of  the  state 
to  fix  rates,  but  .such  rates  must  allow  to  vej^teU  private  property 
just  compensation  for  services  rendered  to  the  public. 


A to=^ 


Introduction.  In  recent  years,  so  many  questions  involving 
the  vftlufttion  of  railway  property  have  arisen  that  a  brief  dis- 
cu&sion  of  thia  subject  appears  to  Iw  neeessaiy  in  L-iinnectiou  with 
the  economics  of  railway  location.  Much  infonnation  of  direct 
use  in  considering  proposed  railways,  and  especially  In  consider- 
ing mattera  pertaining  to  the  relocation  and  rearrangement  of 
existing  lines,  may  be  obtained  from  a  study  of  the  history  and 
valuation  of  existing  roads.  The  relation  of  a  proposed  road 
to  those  already  in  o|)eration,  a  rnattpr  of  very  great  importance 
in  the  present  status  of  railroad  building,  can  be  best  undcr- 
if  a  more  or  Iciis  intimate  knowledge  of  the  valuation  of 
ting  roads  is  first  obtainetl.  Moreover,  the  reasons  why  some 
roads  have  prospered  while  others  have  failed  arc  best  com- 
prehended from  a  study  of  the  elements  of  value,  and  particubirly 
from  an  understanding  of  those  values  commonly  known  as 
intangible  values,  such  as  strategic  location,  franchises,  a  going 
business,  etc.  With  a  view  to  a  systematized  investigation  of 
the  status  of  the  railroads,  particularly  in  regard  to  their  financial 
condition  and  the  rate  situation,  the  Federal  Government  as  well 
as  many  of  the  states  has  undertaken  a  careful  examination  of 
the  valuation  of  American  niilways.  For  th"se  reasons,  a  brief 
outhne  of  the  subject  is  attempted  in  the  present  chapter. 

Meazting  of  Valtiation.  Before  prm-eetling  to  discuss  the 
purpoees  and  methods  of  making  valuation  of  railroad  prop- 
erties, it  wiU  be  well  to  pause  to  dctcmune,  if  possible,  what  is 
meant  by  valuation.  To  sUite  that  "  vahmtion  means  to  deter- 
mine the  value  of  "  is  only  changing  the  form  of  the  question, 
for  the  word  value  is  one  of  many  and  varied  applications.  A 
casual  study  of  definitions  given  in  the  dictionaries  shows  that 
different  authors  define  the  word  from  different  points  of  view. 
One  such  definition  which  seems  must  nearly  to  meet  the  general 
requirements  of  the  word  is,    "  The  property  or  aggregate  of 
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properties  of  a  tiung  by  which  it  is  rendered  useful  or  deftirable. 
or  the  degree  of  such  property  or  sum  of  properties."  In  trade, 
value  means  "  the  efficiency  in  exchange."  A  railroad,  however, 
has  very  little  exchange  value  if  il  cannot  be  used  for  the  puqxiBe 
for  which  ii  was  constructed,  that  is.  the  .scrap  \'alne  would  be 
small  in  comparison  with  the  cost  of  production.  If  the  value 
of  a  public  utility  is  to  be  measured  by  what  it  will  bring  on  tiie 
market,  then  evidently,  the  value  of  such  utility  will  l»c  dependent 
upon  what  it  will  earn  rather  than  upon  what  it  eost  to  produce 
it.  The  conelusiun  is  apparent,  therefore,  that  the  value  uf  a 
property  will  depend  lai^Iy  upon  the  purpose  for  which  the 
valuation  is  to  Ik?  made.  Moreover,  it  is  manifest  tliat  certain 
properties  which  are  phyBically  identical,  but  due  to  different 
earninj;  power,  may  have  very  different  values  so  far  as  exchange 
is  co:»ecmed.  Thus,  a  utility  which  is  already  produriuK  an 
income,  or  in  technical  terms,  is  a  going  concern,  will  have  a 
greater  value  than  one  like  it  but  without  a  business  estab- 
lished. 

From  the  alK>ve,  it  appears  that  value  is  not  an  elemental 
term,  but  is  itself  composed  of  certain  elements  or  factors.  An 
understanding  of  these  factors  is  the  first  essential  in  cunsi<lcnng 
matters  pertaining  to  valuation.    The  two  chief  elements  are; 

1.  Pkyniait  va!\t€,  or  the  value  of  ihe  physical  property, 
dei)endent  upon  cost  of  production  and  all  non-physical  property 
connected  with  its  installation. 

2.  IntungibU  value,  or  that  portion  of  the  value  which  depends 
upon  circumstances,  including  development  expenacji,  fran- 
chise value,  going  value  and  gootl-will  value,  and  value  of  strate- 
gic right  of  way. 

To  determine  the  amoimt  of  these  two  elements  is  a  matter 
of  much  difficulty  and  one  upon  which  opinion  differs  widely. 
At  another  place  in  this  chapter,  a  brief  discussion  of  the  under- 
l3ring  principles  and  the  methods  employed  will  be  given,  although 
any  attempt  at  complete  treatment  is  impracticable. 

Purposes  of  Valuation.  The  most  frequent  need  of  valua- 
tion of  railroad  proixjrty  rises  from  one  or  more  of  the  following 
requirt-ments: 

1.  Taxation. 

2.  Purchase. 

3.  CapitAlizatJon  and  isi^auce  of  bonds. 


4.  Establishment  of  n  uniform  syslem  of  accounting. 

5.  Kate  making. 

6.  In  asccrtaininfs  a  proper  rioprociation  reserve. 

7.  In   ascertaining;   a    trust  worthy   estimate   of   the   relation 
fl>etween  present  worth  of  railway   property  and  the  original 

coat. 

I  The  results  of  a  valuation  will  de|)en(l  largely  upon  which  one 

Kcjf  the  above  purposes  was  iu  mind  when  the  valuation  was  made. 

The   foUowiuK  cxlrm-t  from   the   Proceedings  of  the  National 

AMoi'iatiun  of  liailway  Coimnisaiouera,  1911,  will  help  to  make 

It  his  mat  t«r  clear: 
"  How,  for  exami>Ie,  can  a  stfltc  commission  rceoRnize  four 
diffen'nt  kinds  of  value  and  make  one  valuation  for  municipal 
purchase,  anotlicr  for  taxation,  another  for  rate  making  and 
another  for  capitalization?  To  do  so  .se(^m.s  at  fii-st  thought  in- 
consistent- On  the  otiier  hand,  a  Utile  ctinsideralion  will  show 
that  value  is  meaningless  unless  made  with  reference  to  some 
particular  object.  To  Inr  sure,  it  may  happen  that  fair  value  for 
one  purpose  is  fair  valui;  for  anotlier.  but  in  order  to  tU-termine 

Iwliat  is  fair  value  for  any  specific  purpose  it  is  necessary  to 
think  it  out  with  refei-ence  to  this  purjMse  only,  and  when  we 
discuss  the  theor>*  and  elements  of  valuation,  it  seems  necessary 
that  we  have  iu  mind  a  specific  purpose  that  the  valuation  is  to 
erve." 

Mr.  George  F.  Swain  in  his  report  on  the  valuation  of  the 

y.,  N.  H.  &.  II.  U.  R.  stales   a  similar   proposition:    "The 

irineiple  upon  which  such  valuation  should  he  umde  will  differ 

[tu'cording  to  which  of  the  above  purposes  is  in  view.    It  should 

renuirked,  however,  that  physicAl  valuation    alone,  by  any 

iiiethod,  is  not  a  proper  scientific  basis  for  some  of  the  above 

I>uriKiM>.s,  or  pcrliaiw  for  any  of  llieni.     In   the  ease  of  Smyth 

VB.  Ames,  the  Supreme  Court  of  the  United  Stales  declared  that 

the  physical  valuation  was  only  one  of  a  nund>ef  of  elements  to 

Im?  Iiiken  into  accouni  in  determining  n-iuionuidc  i-ates,  and  the 

stamc  would  hold  true,  in  greater  or  less  degree,  for  valuation  for 

the  other  purpos^-s  niuncd." 

Methods  of  Making  Valuation.     Various  methods  for  deter- 
uning  the  value  of  a  railway  property  have  been  proposed  and 
[u^ttd  under  ditTercnt  circumstances  and  at  di^ereut  times,  among 
[which  may  l>c  mentioned  the  fulluwing  principal  ones: 


rALUAl 


OF  RAtLWAYS 


1.  Nominal  or  Par  Value  of  Stocks  and  Bond».  This  method 
from  the  manner  of  orKUiiiziiiK  und  fmani-iiif;  a  railroad  would 
give  an  incorrect  measiirp  of  I  he  true  vaKie  of  a  railroad. 

2.  Stock  Market  Valuation  of  Slocks  anti  Bonds.  Since  the 
lirokers  who  (iclorminc  the  market  price  of  railway  stocks  and 
bondtj  make  it  a  business  to  deal  in  such  securities  and  hence  are 
experts  in  that  Unc,  the  market  value  of  stocks  and  bonda  might 
be  thought  to  represent  the  true  value  of  the  railruad  property. 
Such,  however,  is  not  necesearily  (he  case,  owing  to  speculative 
influences  at  work  in  the  control  of  market  values.  Such  a  value, 
on  the  other  hand,  does  bear  a  certain  I'clation  to  the  earning 
capacity  of  the  railroad. 

3.  Capitaiuation  of  Net  Eami-nga.  Aa  an  investment,  a 
purchaser  is  chiefly  t'.oncerned  with  the  earning  power  of  a  rail- 
way and  is  usually  willing  to  pay  the  amount  on  which  the 
not  earnings  will  pay  a  rcaaonable  interest  return.  However, 
then^  are  many  elements  of  value,  such  a.-^  futiin-  [xisaible  develop- 
mcnt,  that  this  method  docs  not  take  into  consideration. 

4.  Physical  Property  plus  Intangible  Values.  This  is  the 
method  eonnnonly  acteplod  an  being  the  moat  reliable,  although 
the  methods  of  arriving  at  the  correct  results  have  been  matters 
of  much  difference  of  opinion  and  widely  discu»»cd.  In  a«cer- 
taining  the  value  of  physical  properties,  three  methods  are  most 
generally  uaed,  namely,  (a)  Original  cost  to  date,  (6)  Coat  of 
reproduction  new,  (c)  Coat  of  reproduction  let«  <iepredation, 
or  sometimes  termed  present  value.  These  methods  together 
with  the  determination  of  intangible  values  will  constitute  the 
subject  matter  of  the  remainder  of  this  chapter. 

Valuation  for  Taxation.  Taxes  are  levied  upon  pn»perty  in 
proportion  to  its  value  as  nearly  as  such  viUth;  can  Ik;  determined. 
On  farm  land  and  buildings  and  similar  property,  the  value  ia 
comparatively  ensily  deterniined,  but  on  railroads  the  problem 
is  much  mon;  conipUcated.  In  regard  to  valuation  for  taxation, 
Mr.  George  F.  Swain  makes  this  statement:  "  Whether  the 
physical  valuation  is  a  proper  basis  for  taxation  will  depend 
on  the  tax  laws.  In  some  states  the  tax  may  be  based  to  some 
extent,  and  possibly  entirely,  upon  the  physical  value,  exempting 
aecuritiej*,  franchises  and  value  as  a  '  going '  concern,  while- 
in  other  state's  the  value  may  l>e  l>tuM'*l  enrirely  uimu  ni't  earnings, 
or  upon  the  value  of  securities,  perhaps  with  little  ur  no  reference 


to  the  physical  pmjierty.  If  the  physical  valuation  is  made  for 
taxation  purpose's,  however,  the  present  value  of  the  property, 

(taking  account  of  depreciation,  and  probabii*  with  the  addition 
of  some  auiount  to  represent  intangible  vahies,  would  probably 
be  considered  a  reasonable  Iwisis  for  such  valuation,  as  far  as  it 
goes.  Two  properties,  identical  in  all  respects,  one  of  which  is 
capable,  on  aceouut  of  its  favorable  location,  of  earning  a  large 
return,  while  the  other,  on  account  of  its  unfavorable  location, 
»is  operated  at  a  loss,  would  not,  and  should  not  fairly,  be  taxed 
equally.  Taxation,  it  will  probably  he  admitted,  should  recog- 
nize earning  power  as  well  as  physical  value." 

In  the  case  of  the  Bcc  liuilding  Co.*  the  supreme  court  of 
Nebraska  decided  that  under  the  laws  of  that  state  the  rail- 
roads should  be  valued  for  taxation  at  the  true  value  of  their 
tangible  and  intangible  proixrty,  including  franchises,  and  tak- 
ing into  consideration  the  net  earnings  and  the  market  value  of 
the  stocks  and  bonds.  In  other  words,  valuation  for  taxation 
should  be  the  fair  market  value  of  the  property  as  a  going  concern. 
■  Valuation  for  Purchase,  fn  ascertaining  the  value  of  a  railr 
road  property  for  purchase,  it  is  quite  generally  agreed  that  the 
present  or  depreciated  value  of  the  physical  property  together 
witJ»  the  franchise  and  going  concern  values  constitutes  the 
correct  measure  of  its  worth.  This  would  probably  be  the  case 
in  a  (Mndeiuuation  proi«ediiig,  but  in  a  bargain  and  sale  the  earn- 
ing capacity  would  have  a  greater  influence  doubtless  on  the  sale 
price,  bcncc,  capitahzcd  net  eaniings  might  be  a  governing 
factor.  There  liave  been  several  court  decisions  which  tend 
Ito  show  that  valuation  for  public  or  municipal  purchase  is  very 
closely  related  to  valuation  for  rate  making,  which  is  to  lie  dis- 
^  cussed  later,  therefore  nothing  fuither  need  be  said  concerning 
Lhis  matter  here. 

Valuation  for  Capitalization  and  Issuance  of  Bonds.    The 

llaws  of  the   United  States  Kcncrally   require  that  when  stock 

sertificatcs  or  IwniLs  iire  is.sucd,  (he  amount  issued  shall  bear  some 

^latio^  to  the  value  of  the  property  back  of  them,  and  the  ques- 

i^tion  arises  as  to  what  should  be  taken  as  the  correct  measure  of 

this  value.    To  quote  again   from   Prof.  Swain's  able  report, 

"  Physical  valuation  does  not,  in  general,  appear  to  bo  a  fully 

^— julcquate  basis  for  justifying  capital,  for  such  capital  generally 
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floponds  upon  the  hiatoriral  dpvplopmrnt  of  thp  property,  and 
soiiio  or  much  <jf  it  niiiy  represent  property  which  has  bceu 
abaudoQcU,  or  maehiitcry  which  htut  been  made  useless,  by  neces- 
sary rcloratiniis,  nr  hy  improvrmrnts  in  ineehanical  processefl. 
A  railroad  may.  for  instance,  be  built  to-<lay  and  be  oper- 
ated by  steam  locomotives,  and  the  capital  may  represent  the 
exact  8Uin8  spent  for  the  property;  but  in  the  couree  of  ten  or 
twenty  years  it  may  Ix'come  advisable  to  Bubstitute  electricity 
as  the  motive  power,  or  the  company  may  be  forcwl  to  do  so  by 
IrjiiKlatioTi,  renderinR  hirpe  expendilures  oecessiiri,'  and  the  aban- 
donment of  its  8t«ani  locomotives.  Or  the  law  may  require  elec- 
trification only  in  a  metropolitan  district,  rapiiring  large  expend- 
iture, but  not  allowing  any  material  reduction  in  the  scrviee  of 
the  steam  locomotives,  Ixicausc  the  steam  runs  would  be  tlie 
same  as  before,  with  a  few  miles  cut  off  at  either  end.  It  would  be 
reasonable  that  the  additional  expenditure  in  such  cases  should 
be  capitalized  (temporarily  at  least,  subject  to  retirement  out 
of  earnings),  yet  the  physical  value  of  the  re-sulting  property 
might  be  no  greater  than  t>cfore.  ..." 

The  many  expt^rimcnls  in  the  development  of  a  railroad,  all 
of  which  are  expensive  and  yet  may  not  appear  as  property, 
the  many  expenses  connected  with  improvements,  such  as  eUm- 
ination  of  grade  crossings,  double  tracking,  etc.,  which  may  be 
much  gre-ater  than  if  these  had  been  constructed  when  Uie  road 
was  first  built,  vci-y  likely  do  not  apjx'ar  in  the  pro|jerly  values 
as  they  exist  after  completion.  If  iniprovements  arc  needed  and 
can  Ix;  justified  economically,  then  the  raihoad  shoiUd  be  allowed 
to  obtain  the  nwcKsaiy  oapiial  iTgar<lli'ss  of  the  pu«l  liislory. 

Valuation  to  Facilitate  Accounting.  Valuation  of  physicjil 
properties  and  intangible  aswts  may  1*  undertaken  in  order  to 
enable  accounting  l>ooks  to  Ije  opened  on  an  equitable  basis. 
'I'his  situation  arises  more  frequently  in  conueetiou  with  muni- 
cipal uliUties  than  with  railroads  and  therefore  need  not  be  con- 
sidered here  at  length.  Suffice  it  to  say,  that  in  such  a  valuation, 
the  commercial  or  earning  value  of  the  various  items  of  projwrty 
would  usually  Iw  considered  the  determining  factor.  However, 
in  some  cases,  the  present  worth,  or  the  cost  of  ropi-oduction 
less  depreciation,  would  W  the  more  equitable  vahiation. 

Valuation  for  Rate  Making.  In  connection  with  railroads, 
rate  making  is  perhaps  the  most  important  purpos*^  for  making 


&  valuAtion  owing  to  the  fact,  that  the  pmirta  have  declared  that 
a  railroad  is  entitled  to  a  reasonable  return  upon  a  fair  value 
of  the  property  invested  and  the  consequent  necessity  of  deter- 
mining what  constitutes  such  fair  values.  Obviously,  in  making 
a  valuation,  (he  rominR  power  should  not  be  the  dete> 
mining  factor,  for  rates  ftnd  earnings  arc  mutually  interdependent 
and  one  should  not  be  considered  as  a  factor  in  determining  the 
other.  On  the  other  hand,  mere  physical  value  is  not  tlie  proper 
basis  for  fixing  rates,  for  much  of  the  capitahzation  may  repre- 
sent sums  spent  legitimately  in  ex[xrrinientiilion  wbieh  naturally 
do  not  appear  in  the  physical  properties.  Moreover,  the  condi- 
tions of  competition  would  not  a<lniit  always  of  fLxing  rates  by 
the  value  of  the  physical  jdant.  Two  milroads,  for  example, 
joining  two  termini,  may  represent  very  different  expenditures 
in  their  construction,  the  one  first  built  probably  having  occupied 
the  Itest  location  and  tlie  wrond  being  fiin;ed  to  lake  a  second 
choice  with  a  resulting  increased  cost  of  construction,  are  ob- 
viously compelled  by  competition  to  charge  the  same  rates. 
The  Supreme  Court  of  the  United  States  in  the  Nebraska  Rat« 
Case  in  1S9S  said,  **  The  basis  of  all  calculations  as  to  reason- 
ableness of  rates  to  be  cliarged  liy  a  corporation  for  maintaining 
B  highway  under  legislative  sanction  must  be  the  fair  value  of 
the  propt;rty  iK-ing  used  for  the  convenience  of  the  pubUc." 
What  constitutes  this/cir  volne  and  how  |o  determine  the  same 
is  a  question  not  easily  answered  and  one  on  which  expert  opinion 
has  been  seriously  divided.  In  the  amendment  to  the  Interstate 
Commerce  Act  of  March,  1,  1913,  whi<-h  provided  for  the  valu- 
ation of  all  interstate  railroads,  Congress  directed  the  Inter- 
state Commerce  C-ommission  to  determine 

1.  The  original  cost  to  date. 

2.  The  cost  of  reprodurtion  new. 

3.  The  cost  of  reproduction  new,  less  depreciation. 

4.  Other  rlemrnts  of  value  (intangible  values). 
Each  of  the  first  three  taken  alone  or  couplwl  with  the  last 

[item  l»aa  Ijccn  employed  by  engineers  in  valuation  procedure, 
and  C^)ng^*SH  has  left  the  ciuestion  open  as  to  which  sliould  be 
used  in  fixing  rates  by  directing  that  all  of  these  elements  should 

I  be  ascertained. 

Original  Cost.    Some  contend  that  the  original  cost  of  rail- 
roads should  be  taken  as  the  fair  value  of  (heir  property  and  that 
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they  should  be  allowed  a  reasonable  return  on  this  cost  only. 
The  increased  value  of  railroad  property,  however,  is  not  of  the 
nature  of  an  unearned  increment,  since  the  railroads  themselves 
are  the  chief  factor  in  causing  the  increase  in  value,  hence  they 
should  lie  given  the  benefit  of  the  iucreafie  iu  the  value  of  their 
property.  Original  cost  to  date  is  practically  impossible  to  obtain, 
moreover,  owing  to  the  fact  that  the  records  of  construction  have 
seldom  I>een  retained,  eapec^iiJly  in  the  caae  of  the  earlier  roads. 
(The  interstate  Commerce  Commission  now  retjuires  such  records 
to  be  kept  penuaticnily,  and  has  issued  a  circular  concerning 
the  preservation  of  all  records.)  Since  the  original  cost,  or  actual 
coet  as  it  is  sometimes  called,  includes  both  the  cost  of  (;on- 
Btruction  and  the  cost  of  additions  and  betterments  over  a  long 
period  of  years,  it  is  scarcely  probable  that  such  records,  if  avail- 
able, should  be  complete.  While  the  original  cost  method  may 
yield  a  fair  value  for  some  utilities,  owing  to  the  reasouH  above 
stated  and  others,  such  as  changes  in  unit  prices,  cte.,  it  is  not 
satisfactoiy  for  railroad  valuation,  especially  as  related  to  rate 
making. 

Cost  of  Reproduction.  For  purposes  of  rate  making  on  rail- 
roads, the  coat  of  reproduction  new  under  preaent  conditions  is 
doubtless  the  fturcat  method  of  arriving  at  the  correct  valuation 
and  the  courts  have  been  incUned  to  so  regard  it.  This  method 
allows  the  conipanie*  to  list  their  real  estate,  right  of  way,  cost 
of  construction,  materials,  etc.,  at  present  market  prices,  allow- 
ing for  enhanced  values  instead  of  original  coat.  The  public 
is  really  entitled  to  service  at  rates  which  wimld  be  required  at 
present  to  produce  such  8er\'ice,  and  should  not  be  so  much  con- 
cerned with  the  good  or  bad  Iwirgains  of  the  railroad  in  its  period 
of  construction  and  development.  On  the  other  hand,  aboi 
the  company  is  entitled  to  receive  a  fair  return  on  the  Invesi- 
ment  which  it  or  some  other  company  would  need  to  make  in 
order  to  produce  such  3cr\nce.  In  1911,  in  deciding  the  Western 
Rate  Advance  CaAe,  C'-ommissioner  Lane  stated  that  perhaps 
the  nearest  approximation  to  fair  value  is  that  of  bona-fide  in- 
vestment, considering  as  a  part  of  the  investment  any  shortage 
in  return  that  may  have  occurred  in  the  early  years  of  the 
enterprise.    Tlie  following  is  quott*d  from  that  decision: 

"  When  asked  by  tlie  Ciovernment  why  it  has  increased  its 
charges,  its  (the  Burlington  Railroad)  reply  is  that  it  has  a  right 
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to  do  90  because  it  is  not  now  receiving  a  fair  return  upon  the 
value  of  the  property  which  it  now  iiacs;  value  Iteitig  estimated 
cost  of  reproduction.  This  leads  to  a  few  questions:  (1)  What 
did  the  Burlinttton  road  cost  to  those  who  built  it?  (2)  What 
is  ltd  present  value?  (3)  Whence  caine  this  value?  (4)  Is 
Buch  increase  in  value  a  basis  for  increase  in  rates? 

"  The  comptroller  of  the.  company  has  given  us  the  answer 
to  the  first  question.  He  testified  that  the  total  investment  in 
the  property  from  the  sale  of  stocks  and  bonds  was  $258,000,000. 
To  the  second  question  Uic  company  answers  that  its  present 
value  is  $530,000,000.  The  difference  between  these  figures 
represents  (a)  investment  in  the  property  made  out  of  earnings; 
(■)  increased  right  of  way  and  tenuinnls  owned  by  the  company. 
This  is  the  answer  to  the  third  question." 

After  quoting  certain  court  deeisions  beating  on  the  case, 
the  Commiesioncr  continues: 

"  Notwithstanding  these  decisions,  it  remains  for  the  Supreme 
Court  yet  to  deiride  that  a  public  agency,  such  ss  a  railroad  created 
by  pubUc  authority,  vested  with  governmental  fluthority,  may 
continuou.sly  increase  ita  rates  In  proportion  to  the  increase  in 
value,  either  (o)  because  of  betterments  which  it  has  made  out 
of  income,  or  ('j)  because  of  growth  of  property  in  value  due  to 
the  increase  in  value  of  the  land  which  the  company  owia." 

This  reasoning  holds  good  in  part,  but  in  many  cases,  the 
ownersliip  of  the  railroad  ha.s  Hillc  or  no  connection  with  original 
builders,  for  the  present  owners  have  for  the  meet  part  purchased 
its  properties  at  appreciated  values.  Obviously,  if  a  certain 
piece  of  farm  land  is  to  Iw  condemned  and  sold  for  public  purposes, 
the  fair  value  to  be  paid  to  tlie  owner  is  not  what  he  paid  for  it 
fifty  years  ago,  much  less  what  the  original  owner  paid  for  it. 
Railroads  belong  to  that  class  of  semi-public  corporations  in 
which  the  public  has  much  interest  and  an  unquestioned  right 
to  control,  but  in  which,  at  the  same  time,  the  owners'  rights 
must  be  recognized  and  protected. 

In  determining  the  coat  of  reproduction  new,  the  following 
items  should  be  conaidered : 

1.  Land  Values.  Much  right  of  way  was  donated  to  early 
railroads  by  the  public  and  by  private  individuals,  while  in 
other  cases  the  railroads  were  compelled  to  pay  high  prices  for 
their  land.     Anielhcr  the  value  of  adjacent  land  should  be  taken 
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as  a  basis  of  present  vnlno  will  havn  to  be  derlHwl  by  PXPrriec 
of  jutlguicnt  ill  ftai-li  t-asc.  The  valuo  ia  i<oiuclimes  taken  as  the 
price  in  recent  sales,  the  asMessetl  vahip  for  taxation,  and  somctinies 
fixed  by  estimate  from  local  opinion.  Experience  shows  thai  the 
sales  or  market  value  of  land  is  approximately  what  the  rail- 
road paid  for  it  in  the  case  of  land  in  cities  of  100,000  population 
or  more,  whereas  it  represents  not  more  than  one-third  the  cost 
to  the  railroad  in  rural  districts. 

2.  Inventory  of  ^fefl8u^able  Ilems.  All  items  of  property 
such  as  track  materials,  cut«  and  fills,  bridges,  culverts,  build- 
ings, funees,  tunnels,  water  suppHea,  fuel  stations,  inhops,  grain 
elevators,  warehouses,  docks,  telegraph  Unes,  signals,  inter- 
lockers,  all  rolling  stock  and  floating  equipment,  nuist.lic  in- 
ventoried anil  assigned  values  at  unit  prices. 

3.  Overhead  Costs.  These  include  («)  Engineering;  (6)  Con- 
tingcucies,  such  as  mistakes  in  estimating,  damage  claims, 
condemnation  suits,  floods,  etc.;  (c)  General  expenses,  such  as 
law,  stationery,  insurance,  taxes,  etc. 

4.  Interest  During  Construction. 

5.  Working  capital,  or  the  proper  amount  of  funds  necessary 
to  begin  business. 

6.  Abandoned  property  should  doubtless  be  counted  to  some 
extent,  the  proper  allowance  being  a  much  mooted  question. 
Probably  the  reproduction  cost  at  the  date  of  al>andoimK>nt 
is  the  most  equilable  value  to  use. 

Cost  of  Reproduction  New  Less  Depreciation,  For  certain 
purposes,  the  cost  of  rcpi'0<luction  new  less  tlepreciation  repre- 
sents a  proper  valuation  of  a  railroad,  but  such  a  valuation  should 
not  be  taken  by  itself  as  a  basis  for  determining  fair  rates,  unless, 
indeed,  the  depreciation  is  such  as  to  affect  the  service.  For 
public  utilities  that  possess  practically  a  monopoly  in  the  terri- 
tory controlled,  when  competitive  conditions  <Jo  not  compel 
kccpii^  the  properties  and  service  up  to  a  certain  standard, 
such  a  method  may  Iw  acceptable.  On  the  other  hand,  a  rail- 
road ia  forced  by  competition  and  by  its  charter  obligations 
to  keep  its  properties  so  that  the  service  rendered  may  not 
suffer.  Le^al  derisions  as  well  as  common  practice  indicate 
that  all  expenditures  for  renewals  and  repairs  should  be  charged 
to  operating  expenses  and  not  to  capital;  that  is,  normal  det-iiri- 
oration  or  depreciation  is  not  a  diminishmcnt  of  capital  but  is 
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a  part  of  operating  expenses  which  Is  to  be  covered  by  the 
M^rvice  rates.  KTiniif*  ninst  always  be  available  to  replace  equip- 
ment and  facilities  as  they  become  incapacitated,  and  as  such 
fiimU  are  usually  taken  from  the  earnings,  they  cannot  ire 
considered  as  accruing  to  the  benefit  of  the  owners  of  the 
railroad.  Mr.  J.  Wilgus  makes  the  following  pertioent  sug- 
gesLiun:  * 

"  In  this  connection,  sight  should  not  be  lost  of  the  impoft- 
sibtlity  of  maintaining  a  railroad  in  a  new  condition.  A  well- 
inaintaincd  proiHrty  in  time  reaches  an  average  condition,  say, 
85  per  cent  or  90  per  cent  of  new,  which  remains  practically 
stationary.  In  such  tyii«?s  an  appraisal  with  depreriation  dethici^d 
will  show  a  loss  of  value,  though,  as  a  matter  of  fact,  the  real 
worth  will  lie  greater.  For  instance,  no  one  will  deny  that  the 
Pennsylvania  Railroad  between  Jrrsey  City  and  Philadelphia 
is  more  valuable  for  the  purpose  for  which  it  is  used  ihan  a  brand- 
new  unseasoned  parallel  line  having  the  same  physical  charactj^r- 
isties-  Depreciation  in  cases  like  this  is  merel}'  a  measure  of 
the  cost  of  securing  a  seasoned  railroad  and  may  be  considered  np 
belonging  in  the  same  category  as  other  legitimate  overhead 
expense's. '■ 

Depreciatioa.  Depreciation  may  be  defined  as  that  deteriora- 
tion which  is  not  made  good  by  repairs  and  is  more  or  less  con- 
tinuous throughout  I  ho  life  of  the  property.  Mr.  John  W. 
Alvord  defines  depreciation  as  ''  the  lessened  value  of  any  property, 
structure  or  machine,  due  either  to  its  wear,  loss  of  usefulness, 
growing  lack  of  adaptation  or  approaching  abandonment." 
From  this  it  appears  that  depreciation  may  be  either  ftmctional 
or  physical.  The  following  factors  or  elements  may  enter  into 
dcprecintioD,  the  first  three  being  functional  and  the  laet  two 
physical : 

1.  Decrepitude,  or  the  gradual  aging  of  the  property.  The 
rate  of  de|>reeialion  by  decrepitude  varies  in  difTerent  kinds  of 
property.  In  simple  steel  or  masonry  structun's  it  is  small, 
while  in  structures  of  ornamental  or  less  stable  design  it  may  be 
very  rapid. 

2.  OtitoUjscence,  or  depreciation  that  results  from  advance 
in  the  art  rendering  the  piece  of  property  or  apparatus  obsolete 
or  uneconomical  to  us(\    This  is  a  very  important  item  and  will 
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be  found  frequently  to  limit  the  life  of  a  structure  which  might 
have  a  much  longer  physical  life. 

3.  Inadeqriaaj.  Thia  includc-s  the  depreciation  that  result* 
from  the  growth  of  business  which  renders  certain  equipment 
inadequate  to  the  needs.  Locomotives  and  cars  become  too 
small  or  light  before  they  netnl  to  he  replaced  on  account  of 
\rear.  This  is  sometimes  called  svpersesitit/n,  since  the  equip- 
ment must  lie  superseded  by  that,  of  higher  capacity. 

4.  Wear  and  Tear.  This  element  of  depreciation  consists 
of  the  decrease  in  value  due  to  normal  wear.  Obviously  it 
variPfl  greatly  with  the  character  of  the  proi)erty. 

5.  Deferred  Maintenance,  or  Depreciation  Reserve.  This  item 
embraces  the  depreciation  due  to  postponing  the  making  of 
needed  repairs.  The  amount  of  the  item  is  usually  considered 
to  be  the  sum  neccssar}''  to  put  the  equipment  in  good  operating 
condition. 

If  depreciation  is  considered  in  determining  a  basis  for  fixing 
rates,  the  logical  conclusion  would  be  that  functional  deprecia- 
tion only  should  be  taken  into  account,  for  to  a  certain  extent 
it  represents  a  wastage  uf  capital,  while  physical  depreciation 
does  not.  Depreciation  is  in  reality  an  operating  expense  and 
not  a  capital  charge,  and  many  eminent  authorities,  therefore, 
do  not  admit  the  logic  of  counting  depreciation  at  all  in  connec- 
tion with  rate  determination. 

Various  methods  have  lieon  proposed  and  used  in  estimating 
depreciation,  only  three  of  which  will  be  mentioned  here,  and 
that  very  briefly.  A  visual  examination  of  the  property  in  ques- 
tion is  necessary  and  any  rule  of  procedure  must  serve  primarily 
as  a  guide  to  the  jiulgnient  nit  her  than  as  a  definite  determination. 
The  measure  of  depreciation  is  the  annual  cost  of  maintaining 
the  investment,  and  this  cost  is  dependent  upon  the  rate  at 
which  the  latter  is  wa.sted  away.  The  annual  depreciation  may 
l>e  considered  as  the  necessary  annual  installment  of  the  annuity 
which  will  amount  to  the  ftrat  cost  of  the  property  at  the  end 
of  it*  useful  life.  It  is  obvious  that  this  is  equivalent  to  the  annual 
wastage  of  the  first  cost,  since  the  first  cost  and  the  cost  of  renewal 
are  assumed  equal.  The  three  principal  methods  of  estimating 
depreciation  are: 

I.  The  Straight  Line  Method  is  the  Bimplest  and  most  gen- 
erally used.     It  assumes  that  the  rate  of  depreciation  is  con- 
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stent;  that  is,  if  the  scrap  value  or  minimum  maintenance  con- 
dition of  an  item  is  V  at  the  cud  of  N  years  and  the  initial  value 
V,  then  the  annual  dcprrriiition  is  {V—y),'N. 

2.  The  Sinking  Fund  Method  is  widely  advocated  as  a  true 
estimate  of  depreciation,  the  amounts  set  aside  to  cover  depre- 
ciation Ix-ing  considcrcM]  as  drawing  crimpnund  interest.  It 
provides  a  method  of  accuniuhiting  a  sura  at  the  end  of  a  given 
period,  equal  to  the  assumed  life  of  the  property,  that  would 
unmunt  to  thp  difTcrcncc'  brtwpcn  the  original  and  scrap  value. 
By  principles  of  compound  interest  the  fixed  annual  amount  to 

be  set  aaidc  la  (V*—  V); Tv — Ti  ''  hcing  the  rate  of  interest. 

(r  +  l)-''-! 

For  any  given  yejir  these  sums  with  their  accumulated 
interest  amount  to  essentially  the  same  6gure  aa  that  given  by 
the  next  method. 

3.  The  Equal  Annual  Payment  Method  wa-s  reroinmended 
by  the  special  committee  of  the  American  Society  of  Civil  Engi- 
neers and  is  l)a«nl  on  the  theory  that  the  most  equitable  and 
pmelieal  pnM-wlun^  is  one  tluit  causes  the  amount  that  the  rate 
or  tariff  payer  must  contribute  each  year  for  interest  on  the 
remaining  investment  and  for  the  depreciation  charge  tu  be 
constant.  It  is  .similar  to  thp  sinking  fund  mpthod,  but  instead 
of  making  the  payments  for  depreciation  equal  and  a&tuming 
tliera  to  draw  interest,  the  payments  arc  made  to  uielude  the 
interest,  and  hence  constitute  a  sum  equal  to  the  required  amount 
&t  the  expiration  of  the  life  of  the  item.  The  depreciation 
allowance  is  not  constant,  but   increases  for  each  succeeding 

year.    It  amounts  to  (F— FO..         s — 7\  ^°^  ^^y  "^■^  >'*^^* 

A  further  discussion  amocrning  the  much  mooted  question 
of  dopreriation  is  not  warranted  here. 

Appreciation.  Land  owned  by  railroads  usually  increases  in 
value,  the  roadlwd  liecomes  settled  and  grassed  over  and  henoe 
of  greater  value.  .Such  increases  in  value  arc  called  appreciar 
tion,  and  the  amount  of  sm-h  increase  is  somewhat  indefinite, 
although  generally  recognized  by  courts  and  commissions.  The 
Minnesota  Commission  allowed  about  10  per  cent  of  the  original 
ooet  of  roadV>ed  as  apprc<'ialion  in  the  case  of  the  Northern 
Pacific  Railway  but  only  about  I  per  cent  in  the  ca«  of  the  Min- 
neapolis Western  Railway,  where  the  roadbed  was  not  so  well 
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seftsoncd.  The  Wftshini^on  Commission  stated  that  roadbed 
appmriatrs  in  value  for  al>out  five  years  after  construction,  when 
its  value  is  about  10  per  cent  greater  than  originally. 

Amortizatioa.  When  provision  is  made  for  the  extinction 
or  liriiiidution  of  n  dchl  ut  n  certain  time,  the  debt  is  said  to  be 
amortized.  Amortization  is  usually  effected  by  meiuis  of  a 
sinking  fund,  or  a  fund  created  by  setting  aside  each  year  a 
sum  which  at  fcnniMnind  interest  will  etjual  ttic  re<iuired  amount 
at  the  end  of  the  period  of  time.  Debt  incurred  in  securing  cer- 
tain equipment  should  !«  amortized  at  or  before  the  expiration 
of  the  life  of  the  equipment.  If  a  property  is  iH'ing  opcratcti  under 
a  charter  or  franchise  that  cannot  be  renewed,  the  tola!  invest- 
ment thereon  sliould  be  antortized  at  or  before  the  expiration  of 
the  franchise.  When,  as  in  the  case  of  most  railroads,  the 
franchise  is  perpetual,  there  is  no  special  need  of  amortizing  the 
original  investment.  Usually,  railroad  bonds  are  renewed  instead 
of  being  paid  when  due  l>ecause  of  neccssarj'  extensions  on  which 
the  railway  can  use  the  funds  to  advantage.  Annuity  tables 
are  available  in  any  engineering  handbofik  from  which  the  rate 
of  creating  a  sinking  fund  for  any  period  may  be  readily  cal- 
ci^ted. 

Intangible  Values.  As  stated  in  a  previous  paragraph, 
values  that  depend  u|M>n  circumstances  are  commonly  called 
intangible  values,  the  more  important  items  of  which  may  be 
briefly  nieniioncd.  The  courts  have  quite  generally  recognized 
the  justice  of  assigning  a  certain  value  to  those  advantages  which 
depend  upon  circumstance,  but  the  lutrertainment  of  the  amount 
of  such  values  is  a  matter  of  great  difficulty  in  many  cases,  and 
can  rarely  bo  arrive<l  at  with  anything  appmarhing  mathematical 
exactness.  In  general  llic  total  amount  would  be  the  net  earn- 
ings less  the  just  charges — a  reasonable  return  on  capital  invested, 
depreciation,  amortization — capitahzcd  at  a  reasonable  rate. 

FranchtRe.  The  franchise  of  a  public  utility  is  its  authority 
for  doing  business  and  lias  value  according  to  the  remunerative- 
nesfi  of  the  business  conducted.  Its  amount  will  depend, 
therefore,  upon  the  earnings  of  the  company  and  the  length  of 
time  the  franchise  hss  to  run  before  expiration.  The  weight  of 
authority  ntn-nw  to  be  against  assigning  value  to  franchise  in  con- 
nection with  rate  making  on  the  sup|>usition  that  the  franchise 
is  more  or  less  a  gift  from  the  people  to  the  utihty  and  hence 
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the  puHir  Bimiild  not  be  compfllnd  to  pay  a  return  on  the 
same. 

Going  Value.  There  is  a  jcrcat  diffcr**ncc  between  the  earn- 
ing rapacity  of  a  railroad  or  othor  utilily  juKt  ruiiiplrted  and 
ODe  thftt  has  been  operated  for  some  time,  or  in  other  words  is 
a  goinK  concern.  Competent  forces  must  be  collected,  organized 
find  (rained  tu  (iperalt;  and  niaintalii  the  (K|uipm(mt,  equfpment 
must  be  "  broken  in,"  and  errors  of  design  corrected,  traffic 
must  be  induced  by  costly  advertising,  and  the  good  will  of  the 
patrona  secured;  and  all  uf  tliia  represents  a  definite  cost,  either 
active  or  passive.  Good-will  value,  which  is  a  factor  in  going 
value,  has  been  held  to  Ik;  iK-rtinent  to  competitive  business 
chiefly  rather  than  t«  monopolistic  business.  Going  value  may 
be  measured  by  the  estimated  deficits  that  will  be  incurred  and 
iHh  exiH^nditures  for  promotion  in  brinRiiiK  the  business  of  a  new 
plant  up  to  that  of  the  exi.'sting  one. 

Value  of  Location.  Uailways  have  struggled  in  courts  and 
even  with  armed  forces  in  the  field  in  certain  instances  to  secure 
strategic  points  of  location,  such  as  certain  river  valleys,  and 
gape  and  pari.sr.s  through  mountain  ranges.  Such  features  of  the 
location  have  a  distinct  value  aside  from  the  price  of  the  land 
occupied^  although  It  may  l^e  rather  difficult  to  detcmiihc  its 
amount.  One  objective  that  a  locating  engineer  commonly 
keeps  in  mind  is  the  occupying  of  such  points  and  the  entrance 
to  such  centers  of  trnfTic  as  will  prevent  the  entrance  of  a  com- 
peting Une.  The  strategic  location  of  terminals  in  large  cities 
is  another  case  in  point.  While  the  value  of  location  represents 
in  general  the  difference  between  the  cost  of  building  an  equally 
efficient  line  on  another  location  and  the  cost  of  building  the 
existing  tine,  it  is  doubtful  if  tliis  entire  amount  should  inure 
to  the  benefit  of  the  railroad  in  question.  Location  may  have 
value  from  two  different  points  of  view,  viz.,  that  of  securing 
traffic  and  that  of  economy  in  operation.  Nearness  to  centers 
of  tniffic  and  industry  comprises  the  cliief  factor  in  the  first, 
while  low  gradients  with  easy  curves  and  good  roadbed  consti- 
tute the  imiHirtant  factors  in  the  second. 

Field  Work  of  Valuation.  The  various  railroads  have  differ- 
vtxt  modes  of  making  valuation  surveys,  the  mode  depending 
largely  upon  the  miignitude  uf  the  undertaking.  Perhaps  the 
organisation  and  mode  of  procedure  of  the  Division  uf  Valuation 
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of  the  Interstate  Coiiuiu'rre  Cominifwion  will  be  as  iiisiructivc 
as  that  of  any  particular  railroad  in  the  way  of  illugtralion. 
Under  this  plan,  the  cntii-c  Ignited  States  was  divided  into  five 
districts  with  an  atlejnpt  to  make  raeh  include  approximately 
one-fifth  of  the  railroad  milejijie.  The  district*  have  their  head- 
quarters respectively  at  Woshingiton,  Chicago,  Chattanooga, 
Kansas  City,  and  San  Francisco.  The  orgiuiization  for  all  divi- 
sions  is  practically  identical,  with  a  member  of  the  Board  of 
Kogiucers  In  general  charge  and  a  district  engineer  and  assistant 
district  engineer  specifically  in  charge.  An  office  engineer  in 
charge  of  chief  computers,  squad  foremen  and  computers  who  do 
the  office  work.  Tlie  tielti  work  is  in  charge  of  senior  engineers 
who  report  to  the  district  engineer.  The  work  is  divided  into 
five  main  departments,  viz.,  (1)  Mechanical,  (2)  Headway  and 
Track,  (.3)  Bridge  or  Structural,  (4)  Telegraph,  and  (5)  Signal, 
each  of  which  has  charge  of  inventorying  its  respective  group  of 
projwrty  items.  The  urganizaliun  of  the  first  three  of  these 
departments  is  indicated  below: 


Mfirhanical 
Senior  Mechanical  Engineer 
Mechanical  parties 
Specialists 


Roadway  and  Track 
Senior  Civil  Engineer 
Field  engineer 
Asst.  field  engineer 
Recorder 
Instrunientman 
Computer 


Stmcturo] 
Senior  Structural  Engineer 
Structural  field  engineer 
Junior  structural  cDgioeer 
Tapemun 
Spccialiste 

The  Interstate  Commerce  Conimliwion  iflsued  in  1914  a  tenta- 
tive draft  of  instructions  to  field  |uu-lies  in  making  valuation 
surveys  from  which  much  of  the  present  paragraph  is  abstmcted. 
The  field  party  on  roadway  and  track,  which  may  be  taken  for 
illustration,  consists  of  two  grouT)t<,  the  rhttining  group  comprising 
a  recorder  and  two  rhainmen,  whoHC  dutiiw  rotiaist  of  locating 
by  stations  and  plusscs  all  fcaturct*        '      inventoried,  and  a 
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rnxs-eectioD  group  made  up  uf  an  instrument  man,  a  rodman 
and  a  tapeman,  who^  duty  it  18  to  inventoo'  grading,  excavation 
and  tunnels.  An  assistant  ticid  engineer  is  in  change  of  each 
field  party  who,  besides  directing  the  general  activities  of  the 
party,  inventories  all  special  features. 

The  center  line  of  single  track,  or  on  double  track  the  center 
line  between  the  tracks,  is  taken  as  a  ba-st;  line  und  the  chaining 
stations  are  numlwred  on  the  web  of  the  rail.  All  surveys  ore 
referred  to  this  base  line.  Each  parcel  of  land  that  ia  used  in 
the  right  of  way  must  be  verified  ard  notes  made  of  adjoining 
land.  Not  only  is  the  amount  of  grading  measured,  but  it  is  also 
classified  as  (I)  solid  rock,  (21  loose  rock,  or  (3)  conunon  excava- 
tion. I'he  condition  of  slopes  is  also  recorded,  and  the  location, 
fiixe  and  character  of  tunnels  obtained.  In  regard  to  bridges, 
the  following  information  is  obtaired: 

1.  Railroad  number  of  bridge. 

2.  Location  by  station  and  plus. 

3.  Kind  of  culvert,  bridge,  or  trestle. 

4.  Geucral  dimensions. 

5.  Sketch. 

6.  Date  when  built,  or  rebuilt,  if  obtainable. 
The  number  of  ties  is  estimated  by  counting  the  numl>er  under 
bious  of  twenty  rail  lengths  at  intervals  of  one-haU  mile. 

brand,  weiglit  and  station  of  rails  arc  obtatneil  hs  well  hh 
a  description  of  all  frogs,  cross-overs  and  other  track  material. 
Tlie  kind  of  ballast  ia  obaer\'ed  and  the  depth  ascertained  every 
1000  ft.  A  dest^riplion  also  of  right-«)f-way  fences,  snuw  and 
sand  fences  and  snow  sheds,  crossings  and  track  signs,  station, 
<^cc,  and  roadway  buildings,  water  and  fuel  stations,  shops 
and  engine  houses,  tt-legraphs  and  telephone  lines,  signals  and 
interlockers,  paving  and  miscellaneous  structures.  The  assistant 
engineer  makes  a  note  of  all  abandoned  property  and  records  its 
physind  rondition. 

Detennination  of  Unit  Prices.  After  the  inventory  of  the 
physical  properly  has  been  completed,  it  is  necessary  to  assign 
unit  prices  to  each  of  the  it^ms,  and  in  the  selection  of  such  unit 
prices,  experienced  judgment  Ls  requirc'd,  for  the  final  estimate  of 
phjrsical  value  upon  the  two  dements,  viz.,  the  inventory  and 
the  unit  prices. 

The  following  extract  from  the  statement  of  the  President's 
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Conference  Committee  filed  with  the  Interstate  Commerce  Com- 
mission represents,  perhaps,  as  expert  opinion  as  could  be  found 
in  this  connection. 

The  prices  to  be  used  in  the  valuation  fihould  be  arrived  at  hy  a 
consideruttoii  of  prevailing  prices,  price  tondencios  and  euuditiona 
afFecting  labor  and  material  marketi«  during  a  reamnahle  period  of  time 
next  preceding  and  at  the  date  as  of  which  the  valuatiun  is  to  be  made, 
due  consideration  Iwing  given  to  the  existonco  or  n(  in -existence  of 
active  railroad  constniction  during  that  ppriofi.  The  most  valuable 
guide  for  Uite  in  this  vuluiitioii  will  tje  "  weighted  average  "  Ibo  pricsa 
of  those  commoditiw  which  fluctuate  \'ioIently  in  price  and  have  ao 
de&nite  price  tendency. 

The  cimsideratioii  of  price  tendencies  is  most  important  in  deter- 
mining a  batis  of  prices,  but  it  will  be  more  accurate  to  determine  price 
tendeuciei*  with  reference  to  particular  commodities  rather  than  wiili 
reference  to  eommudities  in  general  because  the  price  tendency  of  wme 
eonimodities  is  upward  and  of  other  commodities  the  priwi  tendency 
is  downward.  Periods  of  active  railroad  construction  coincide  with 
periods  of  high  i>rices,  and  periods  of  stagnation  coincide  with  periods 
of  low  prices. 

The  rate  of  interest  paid  on  money  invested  has  usually  been 
taken  at  6  per  ctMit  <m  the  tlieory  that  the  enterprise  would  be 
financed  half  by  bonds  bearing  5  per  cent  and  half  by  stock 
entitled  to  7  jier  cent.  This  is  probably  good  practice.  The 
unit  prices  of  construction  are  further  discussed  in  Chapter  XXVI. 


Introduction.  Ab  prftvimigly  states!,  railway  location  meAns 
designing  a  transportation  plant  for  handling  traffic  most  eco- 
nomically based  on  the  estimated  amount  and  class  of  traffic, 
the  performance  of  the  motive  power  to  Ix'  employed,  the  resist- 
iincc  to  be  overcome  and  the  topography  to  be  traversed.  The 
general  formula  for  location  commonly  given  i» 

R-E 
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where  R  =  tiDtal  annual  revenues; 

£= total  annual  expenditures; 
C"« capital  invested; 
p  a  percentage  of  profit. 

Obviously  the  problem  of  location  Ls  to  adjust  the  factors 
iZ,  E  and  C  ho  that  p  will  Im;  maximum,  and  since  a  railroad  ia 
located  by  fixing  \is  alignment  and  determining  its  grades, 
our  study  consists  essentially  of  the  relationship  of  grades  and 
aligmuent  to  the  aliove  factors.  ManifL-stly,  the  doidred  rcHult 
will  be  secured  by  making  R  as  great  as  pof<sible  and  keeping  at 
the  same  time  E  and  ('  a«  small  via  possible.  The  problem  of 
location  is  therefore  a  complex  one.  The  followng  factors  will 
cuter  into  the  comuderation  of  the  design  of  a  railroad  loi^ation 
in  addition  to  the  financial  and  legal  influences  that  have  l)een 
briefly  touched  upon  in  the  preceding  chapters,  which  are  to 
an  extent  extraneous  to  the  strict  province  of  the  engineer 
although  necessary  for  his  complete  preparation. 

1.  The  estimation  of  the  quantity  and  class  of  traffic,  number 
if  trains  required,  and  the  revenues  to  l>c  obtained  therefrom. 

Id  the  case  of  relocations,  this*factor  is  definitely  known. 

2.  Locomotive  perfumiance,  either  steam  or  electric  accord- 
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ing  to  which  is  to  be  uawl.  inchiding  the  mechanical  efEdency  and 
fuel  consumption  under  different  conditions  of  operation. 

3.  Train  rcRietance  and  its  relation  to  the  total  resistance. 

4.  Railroad  operation,  including  the  nmke-up  and  conducting 
of  trains,  spacing  of  tenninals  and  sidings  and  the  length  of  engine 
districts,  additional  main  tracks,  etc. 

5.  GradientB,  including  the  ruling  gradient,  length  of  gradient, 
etc. 

6.  Minor  details,  such  as  curvatures,  distance,  rise  and  fall. 
The  succeeding  chapters  will  be  chiefly  occupied  by  an  analysis 

of  the  relations  of  these  factors  to  the  general  problem  of  loca- 
tion as  stat^ti  above. 

General  Conditions  Affecting  Volume  of  Traffic.  While  it 
ia  impossiliN'  tu  make  an  exact  esliniate  of  the  amount  of  traffic 
that  may  be  expected  to  come  to  a  proposed  railroad,  yet  as  close 
prediction  as  possible  is  essential  for  a  satisfactory  solution  of 
the  problem.  A  variety  of  conditiona  influence  the  amoiml  of 
business  of  a  railroad,  such  as  the  nearness  of  competing  lines,'' 
'Vthe  fertility  of  the  soil  tn  the  region  traversed,  the  character  and 
prosperity  of  the  people  served,  the  topography  of  the  country  ,i 
and  the  kind  of  highways  leading  to  the  stations.     —• 

In  the  early  days  when  a  railroad  was  being  built  the  pro- 
moters counted  on  all  traffic  within  easy  reach  of  the  right  of 
way,  since  there  were  not  many  comi)eting  roads.  At  that  time, 
the  railroad  mileage  was  perhaps  2  per  cent  of  what  it  is  at  present  ; 
an  area  of  100  miles  square  (10,000  square  miles)  waa  served 
then  by  perhaps  10  miles  of  railniad,  on  an  average  over  the 
countr>-,  whereas  now,  such  an  area  contains  about  860  miles. 
Railroads  were  built  not  only  to  carry  the  traffic  already  existing, 
but  to  stimulate  the  growth  of  the  countrj*  and  thus  develop 
additional  business.  While  a  few  branch  lines  are  still  being 
constructed  intfl  new  territory  unserved  by  any  railroad,  the 
lines  that  are  being  built  lie  chieHy  in  territory  where  competi- 
tion will  be  encountered  to  a  greater  or  less  extent.  There  are 
&t  present  in  the  United  States  enough  miles  of  railroad  to  con- 
struct a  gricUron  network  made  up  of  lines  20  miles  apart  running 
east  and  west  and  north  and  south  across  the  country,  so  that  no 
point  would  be  more  than  10  miles  mim  a  railroad  in  either  direc- 
tion. The  existing  lines  are  laid  out  of  course  in  no  such 
mechanical  fashion,  but  have  been  built  chiefly  to  connect  the  cen- 


ters  of  population,  the  location  of  which  has  been  controlled 
mainly  by  the  nature  of  the  country.  There  are  mountainous 
and  other  unproductive  districts  where  railroads  could  never 
6nd  enough  business  to  justify  their  construction,  while,  on  the 
other  hand,  a  veritable  network  of  roads  exist  in  other  parts  where 

^  conditions  are  more  favorable. 

H  The  character  of  the  soil  bo  far  as  agricultural  shipping  is 
concerned  has  much  to  do  with  the  amount  of  traffic.  The 
amount  of  grain,  hve  ii^tock,  diury  products,  poultry,  and  other 
farm  products  received  from  Illinois,  Iowa,  Minnesota  and  other 
notably  productive  states  stands  in  marked  contrast  to  the  amount 
received  from  arid  or  hilly  regions.  The  fcrtihty  of  the  soil  is 
veiy  closely  related  to  the  thrift  and  intelligence  of  the  inhabit- 
ants in  regard  to  improved  metliods  of  (.-ultivalion.  The  policy 
of  the  Northern  Pacific  Railroad,  as  well  as  many  other  lines, 
haa  been  to  take  active  steps  to  promote  thrift  and  industry  and 
improvement  in  agricultural  niethodH,  chiefly  by  the  distribu- 
tion of  Hterature  relating  to  these  matters  and  by  the  arrangs- 
mcnt  of  lecture  bureaus.  All  of  these  matters  should  be  taken 
into  consideration  when  any  estimate  of  traffic  is  being  made 

I  involving  a  comparison  with  other  roads. 
Character  of  Tcwns.    To  a  certain  extent,   the  character 
pf  the  centers  of  population,  i.e.,  the  cities  and  towns,  along  the 
proposed  route  will  give  a  direct  indication  of  the  amount  and  the 
nature  of  the  traffic  to  be  expected,  for  such  centers  of  popula- 
tion arc  largely  a  measure  of  the  surrounding  country  as  well  as 
ttliowing  what  business  may  be  expected  from  them  directly. 
Cities  and  towns  may  be  grouped  into  certain  classes  as  regards 
(heir  chief  industries,  and  sucl»  a  classification  is  useful  in  study- 
^  ing  the  customs  and  activities  of  the  inhabitants. 
H       1.  Agricultural  towus,  or  those  surrounded  by  good  farming 
B  r^ons,  are  ver>'  stable  in  their  population,  usually  enjoying  a 
'  steady  although  not  rapid  growth,  and  the  amount  of  business 
derived  from  such  towns  does  not  var^'  greatly  from  year  to  year. 
H       2.  Mining  towns  are  the  most  erratic  in  their  nature  of  all 
H  these  groups,  the  population  being  of  a  shifting  or  transient  sort. 
■  The  ainoimt  of  business  coming  from  such  places  may  l»e  very 
heavy  during  industrial  peace  and  in  times  of  pr«s[)erity,  but 
strikes  and  unfavorable  tinaucial  conditions  usually  affect  such 
centers  of  population  utost  acutely- 
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3.  Small  mail uf fit' turiug  cities  where  only  one  or  two  prin- 
cipal industrial  planU  are  located  generally  are  somewhat 
spasmodic  in  their  activity. 

4.  Pleasure  resorts  merit  notice  onlj?  an  they  may  affect 
passenger  Iralfic.  The  amount  of  business  coming  from  such 
will  fluctuate  nith  the  season. 

5.  Large  metropolitan  cities,  with  their  great  variety  of 
industries,  are  comparatively  stable  in  most  respects,  generally 
showing  no  sudden  changes  in  their  commerce,  although  their 
traffic  may  vary  gradually  with  the  seasons  and  with  cycles  of 
general  prosperity  and  depression. 

6.  Seaports  furnish  a  definite  source  of  business  apart  from 
the  manufacturing  industries  of  the  cities  themselves  owing  to 
the  export  and  import  altipping. 

In  a  general  way,  the  large  cities  of  the  United  States  east  of 
the  Rocky  Mountains  serve  the  territory  west  of  them  rather  than 
that  east  of  them.  The  rural  produce  is  slnpped  eastward  and 
the  supplies  of  the  cities  sent  westward,  and  in  all  other  phases 
of  the  natural  social  and  cnmmercial  relationship  existing  between 
a  city  and  rural  populaliun  the  large  cities  of  the  country  servs 
and  arc  served  in  turn  by  the  country  west  of  them. 

Highways.  Tin*  highways  of  the  country  should  Ix-  considered 
as  essentially  complementary  to  the  railroads,  the  two  together 
constituting  the  commercial  circulatory  system,  the  railways 
being  the  arteries  and  veins  and  the  highways  the  capillaries- 
It  will  rarely  hapi>en  that  the  highways  will  enter  into  competi- 
tion with  the  railroads,  except  for  very  short  hauls,  although, 
through  the  extended  use  of  the  automobile  and  the  auto-truck, 
improved  highways  may  in  some  cases  actually  conduct  some 
transportation  that  would  otherwise  go  over  the  railroads. 
Such  conditions  may  cut  some  figure  in  local  traffic  and  iuterur- 
ban  business,  but  would  scarcely  affect  to  any  appreciahie  extent 
traffic  of  commerce  between  points  located  considerable  distances 
apart. 

Owing  to  the  fact  that  iho  highways  must  be  depended  upon 
to  care  for  llic  transportation  to  and  from  the  railway  stations, 
it  is  greatly  to  the  railway's  interest  to  promote  the  construction 
and  Q^intenancc  of  good  country  nr.vU  and  city  streets.  The 
question  that  confronts  the  prospoctivc  MliipiKT  is  the  tot^al  cost 
of  transportation  from  his  door  to  that  of  the  consignee,  and  ono 


1  considerable  factor  that  enters  into  this  cost  is  the  cost  of  local 
carriage  over  city  streets  or  country  roads.     While  Rtjod  roads 
at  present  may  not  affect  the  total  amount  of  trafTic  by  a  large 
percentage,    they    greatly    influence    the   distribution    of    such 
traffic  throughout  the  year,  since  they  make  it  possible  to  market 
grain,  live  stock  and  other  farm  produce  at  any  time  of  the 
season. 
K       Classification    of    Freight   Traffic.    The    subject    of   freight 
^classification  is  a  very  complex  one.     The  clarification  may  ]ye 
(1)  for  rate  making  purposes,  in  which  it  is  more  or  less  arbi- 
trary, depending  somewhat  uimhi  the  viiluc  and  character  of  the 
goods,    (2J    according   to   the   origin    of   the   com^iiiodities,    (3) 
-according  to  the  source,  (4)  according  to  the  manner  In  which 
the  freight  is  handled,  or  (5)  according  to  the  speed  with  which 
^it  is  can-ied  over  the  line. 
H        Tlie  classification   for  rate-making   purposes  will   be   taken 

up  in  another  chapter  in  connection  with  rate  making. 
^       With  rcfercnoc  to  the  origin  of  commodities,  the  Interstate 
^■Commerce  Commission  recognizes  seven  classes,   which  are  of 
~  particuhvr  interest  m  considering  the  volume  of  trafific  over  a 
^  railruad.     They  are  as  follows: 

H       1,  Products  of  Agriculture:  Grain,  flour,  other  mill  products, 
■  hay,  tobacco,  cotton  and   cottonseed  products,  fruit,  pKftatocs, 
vegetables,  canned  goods. 

2.  Animal  and  Animal  Products:  Live  stock,  dressed  meats, 
other  packing-house  products,  poultry,  dairy  products,  game  and 
fish,  wool,  hides,  leather,  eggs,  and  other  animal  products. 

3.  Products  of  Mines:  Coal,  coke,  ore,  and  bullion,  stone, 
sand,  crude  petroleum,  salt,  and  other  mineral  products. 

PA.  Forest  Products:    Lumber,  lath,  shingles,  ties,  etc. 
5.  Manufactures:    Oil   (except  crude  petnileum  and  cotton- 
scedj,  sugar,  naval  store,  iron  (pig  and  bloom),  iron  and  steel 
rails,  castings,  machinery,  bar  and  sheet  metal,  cement,  brick, 
lilc,  lime,  wagons,  carriages,  tools,  liquors,  nails,  etc. 
G.  Merchandise:    Cloth,  clothing,  groceries,  etc. 
7.  Miscellaneous:    L.  C.  L.  household  goo<ls  and  other  L.  C. 
U.  freight. 

Table  I  gives  a  general  notion  of  the  amount  of  traffic  derived 
from  e-ach  of  these  classes.  A  study  of  the  percentages  repreaent- 
iog  the  several  amounts  of  the  commodities  named  for  the  countiy 
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Table  I 
PROPORTION  OF  FREIGHT  DERA'ED  FROM  E.\CH  CLASS' 


KAllrrMa. 

TotftI 
000 

Ptod- 

i.eU. 

Anititkl 

PftK*- 

ucU. 

ttcU. 

FoTMt 

Pr«I- 
iicU. 

M*att- 

(aotutca 

chjui- 

ocnitUid 

Pwornt 

Pcriwol 

Pc»  («ni 

Pof  cwnt 

Per  mat 

Pvrcvnt 

PfTMIDt 

ion 

V' 

A.,T.  AS.P 

16,390 

22  15 

8.07 

32,53 

9.48 

19  54 

7  16 

1.07 

C.  B.  4Q 

28,328 

18.68 

7.93 

37.87 

7.75 

6.88 

7.02 

13.87 

C.G.  W .'... 

5,023'  28.18 

6.66    29.45 

6.82 

22.31 

6.08 

1.50 

C.  M.&8t.  P.... 

26,794   21.42 

6.43    26.82 

13.52 

17.55 

11.04 

3.22 

C.  AN.  W 

36.7341   14  57 

5.20  41.81 

14.50 

14.30 

0  26 

3.36 

C.  R.  I.  4  P 

18,729   26.10 

7.70 

28.88 

11  72 

18.00 

6.60 

0.40 

(it.  Northern. .  * . 

23,071 1  14.04 

1.39 

63.81 

10.62 

5.55 

3  12 

1.47 

U.  P 

9,686   2.<i  9H 

8  55 

8,63 

32.62 
31,77 

6  59]   17  81 
7.69   22.92 

5.72 
7.18 

2.73 

WabMh 

14.137 

18.06 

3  15 

1912 

rCMtprn  Uirtlrirt.  . 

7.13 

1  93 

59,60 

5  Bl 

17.56 

3.10 

5  44 

Soulhfni  District. 

■ .  •  • 

11.27 

1,72 

49  09 

17  11 

13.47 

4,n 

2.57 

WoHtcrH  DJHlrict. 



16.50 

4.05 

44.00 

16.35 

12.22 

4,86 

2.02 

Unitea  tJUiUiS 

.... 

10.03 

2.42 

64.27 

9.88 

15.66 

3.77 

3.97 

'Report.  tUilroad  Commlaaion  at  lows,  1911 


rUft  a  whole  and  for  the  three  districts  as  well  as  for  the  separate 
roftds  will  llirow  sonic  light  upon  the  (loiniiicreiat  conditions 
which  affi'ct  railway  revenues  anil  miinaginnent.  Mine  products 
and  manufactured  products  are  predominant  in  the  eastern  part 
of  the  country  while  agricultural  products  and  forest  products 
constitute  the  larger  i>erc<?ntagc  of  business  in  the  western  part 
of  the  countiy  than  in  the  eastern  part. 

In  regard  to  the  source  of  freight,  it  is  classified  into  two 
divisions,  namely,  (1)  that  which  originutes  on  the  line  and 
(2)  that  wliich  comes  from  other  railroads.  From  Table  II 
it  will  he  observed  that  for  the  entire  United  .States,  the  freight  is 
about  wpially  divided  Iwtween  that  originatint^c  on  the  line  and 
that  received  from  other  carriers,  the  fonner  preponderating 
in  the  western  and  southern  districts  while  the  reverse  is  true 
in  th**  eastern  district. 

With  re8i)cct  to  loailing,  freiRhl  is  divided  into  two  classes, 
via.,  car  load  (C.  \*.)  and  \pi*3  ihan  ear  loail  (I..  (\  h.).  the  latter 
bdng  called  sometimes  p^-tldler,  pared,  package,  or  platform 
height  by  different  railroads.     Less  than  car  load  freight  consti- 


PER  CENT  OF  FUEIGHT  TONNAGE  OIUGINATU^G  ON  THE  LINE 


I 


Dianicr. 

South KRM 
DtntucT. 

Wkwtkhk 
Dienucr. 

9r*T«a. 

CiMB. 

t 

On 
line. 

From 

Coa- 

nectinK 

Cnrrirr* 

On 
l.inc. 

From 
Con- 

Cnrrivn 

On 

Line. 

Prom 
Con- 
necting 
Cnrripn 

On 

I J  or. 

From 

Coa- 
ai'ntnc 

pKMlaffIa  of  AcHeui- 
tura 

2.ie 

4  se 

5  53 

5.70 

13.00 

5.33 

5.44 

5.06 

Proalufi*  of  Aniiiwla 

0  S8 

I  11 

1.20 

0.80 

3.00 

O.M 

1.45 

1.03 

Produr-M  oi  Minra.  . 

38  AO 

31. W) 

sn  40 

10.30 

34.38 

S.28 

31.60 

32.60 

f^odufli  n{  KfirvvU 

172 

3-M 

10.40 

e.36 

9.70 

5-37 

5.02 

4.03 

8.<A 

0  m 

7  24 

S.HH 

6.88 

e  42 

7. 82 

7.85 

1.43 

l.3fl 

2.01 

l.W 

3.00 

1  43 

3.31 

1.46 

ItliacatlMMwin. .    .... 

2.41) 

2.50 

1.3a 

1.11 

1.38 

0.43 

1.88 

1.7i 

T«ul 

45.60 

&I.40 

67.01 

32. OS 

71.63 

28.17 

55.52 

tute«  a  relatively  email  proporlion  {y{  the  totJiI  hulk  of  freight 
hauled,  but  a  much  brgi-r  proportion  of  the  total  revenucsrcceived 
on  account  of  the.  higher  rales  charged.  The  following  data 
show  typical  rates  for  various  commodities  carried  in  car  load 

lots: 

CentH  jx-r  Ton-Mile 

Grain 0 .  ti2ti 

Huy 1.014 

Cotton 1.716 

Live  stock 1 .  214 

Dressed  meat 0.960 

Anthracite  coal 0 .  570 

Bittimiiiouacoal 0.468 

Lumber 0.701 

Traffic  per  Mile  of  Road.  While  the  traffic  per  mile  of  road 
for  existing  line^  may  not  have  much  significance  directly  as 
an  aid  in  estimating  the  I'olume  of  traffic  of  a  proposed  line, 
yet  as  a  general  guide  and  as  a  check  on  other  estimates  it  may 
have  value.  The  traffic  per  mile  will  obviously  depend  upon  the 
density  nf  the  population  in  the  region  served  and  the  amount  of 
shipping  that  this  population  offers  to  the  road.  However, 
the  area  of  timber  land,  of  farm  land  and  of  mining  lands  may  be 
consiih'rt'd  to  \io.  roughly  pro|KJi'l>onal  to  the  length  of  line  and 
the  yield  of  the  comniodities  fnim  such  areas  will  di')innd  upon  the 
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area  worked  as  well  as  on  the  population  working  thoni.  In 
regani  to  the  agricultural  products,  an  increase  in  population 
along  the  line  muy  actually  ruuse  a  dticreiiat;  in  the  aniuuut  of 
shipping  owing  to  the  fact  that  tiie  more  intensive  fanning  of  the 
larger  population  docs  not  increase  the  yield  in  proportion  to  the 
population,  and  sinee  tlic  loeal  requirements  arc  greater  the 
amount  shipped  out  is  less.  In  some  cases,  extensive  farming 
furniiihei)  large  shipments  of  grain  and  live  sloek  which  fanning 
on  a  smaller  scale  does  not  afford.  Table  III  gives  the  traffic 
per  mile  of  hne  for  twenty  of  the  more  important  railroads  of 
the  United  States  and  the  average  of  the  l'iiit<!d  States.  Rome 
shorter  lines  constructed  for  special  traffic,  such  as  coal  or  ore, 
have  much  higher  receipts  per  mile  than  the  ones  listed. 

Table  TIT 

ANNUAL  TRAFFIC  PER  MILE  OF  ROAD 

1&16 


Railroad. 


Pennsylvania 

N.  Y.  C.  &  II.  R 

Bait  &  Ohio 

D.,  L  &  W      

N.  Y.,  N.  U.  AH 

Waba-sh 

I'.  ALE 

Mobile  A  Ohio 

N'aah.,  Chiitt.  A  St.  L 

So.  Pftoific 

A.,  T.  AS.  F 

C.  M.  *  St.  P 

C,  B.  A  Q 

C.&N.W 

nt.  Norlhem 

Nor.  Pacific 

Udiod  Pacific 

M.,  K.  A  T 

D.  AILG 

Oro,  Short  Line 

United  Stale* 


MiLea(«. 


4,528 
3,709 
4,535 

967 
2,O0S 
2^18 

225 
1.122 
1,230 
6,514 
8,492 
10,053 
9,339 
8,107 
8,000 
6,461 
3,616 
8.865 
2,671 
2,lfi5 


Tonii. 


27,300 
7,800 
14,170 
23,600 
11,900 
fi,.150 
117.000 
6,640 
3,K50 
2,»!0 
2,600 
3,290 
3,400 
4,980 
2,9t0 
2,730 
2,010 
2.630 
3,440 
2,&oO 
7,920 


PiuMiiig«n 


16,720 
8,120 
4.520 

25.200 

39,100 
.2,200 

18,800 
1,620 
2,450 
5.560 
1,400 
1,600 
2,430 
4,080 
1,050 
1,350 
1,230 
1.700 
600 

m) 

4,230 


Fr«isHt, 
Toti-niiloa. 


4.700,000 
l,3fr2,000 
2.860.000 
4,350,000 
1,01*2,000 
I,2,SO,1X>0 
7,220.000 

i,;ioo,ooo 

596,000 
654.000 

747.000 
81S,500 
914,000 
706,000 
715,000 
800.000 

1,050,000 
5S0.0O0 
522,000 
fit!  1.000 

1,116,000 


Milca. 


422.000 
2C8.000 
158,000 
557.000 

7;w.ooo 

124.000 

380,000 

49,600 

98,200 

108.000 

139,000 

fiS.SOO 

11.5.600 

1311,500 

71,500 

92.800 

133.000 

D2.S00 

S9,5(X> 

79,000 

114,000 


Traffic  per  Capita.    To  estimate  the  traffic  per  capital  and  then 
to  estimate  the  tributary  population  may  serve  as  another  means 


of  arriving  at  the  amount  of  business  that  may  he  expected, 
although  8urh  a  diversity  exJuite  in  the  thrift  and  the  needs  of 
commtinities  that  this  method  affords  no  very  specific  informa- 
tion. For  the  entirti  Umt*r(i  States,  the  traffic  per  capita  is  shown 
below  for  the  years  1890.  1900  and  1910. 


» 


Y*»r. 

Piwt-ajrer-  ttiiiva 
per  Citpltm. 

Ton-milnq 
per  Cspiln, 

PnpulatJoD 
per  .SijuitTt  Mill*. 

1890 
1000 
1910 

188 
221 
352 

1295 
1860 
2780 

23      . 

28 
34 

These  figures  show  that  in  1910,  for  example,  the  passenger- 
miles  per  capita  was  equivalent  to  a  ride  from  Chicago  to  Cleve- 
land and  the  tnn-milcd  per  capita  wils  equivalent  to  hauling  a 
ton  of  freight  from  New  York  to  Omaha  for  each  man,  woman 
and  child  in  the  country*.  Incidentally  the  alxivc  figures;  show 
the  tendcncj*  of  traffic  per  capita  U)  increase  with  the  density 
of  population,  a  multcir  that  will  Ije  considered  at  another  place. 
Table  IV  shows  the  paiwenger  service  jier  capita  for  19!2  in  each 
of  the  ten  groups  of  territory  into  which  the  United  Sta.tes  is 
divided  by  the  Interstate  Commerce  Commission  and  Table  V 
shows  the  freight  service  per  capita  in  a  like  manner. 


Table  IV 
PASSENGER  SERVICE  PER  CAPITA 


PMi..mi. 

Av.  No. 

Arerace 

RceripU, 

FopttUUon 

Group. 

PuLin 

TrwB- 

Journey. 
MUm. 

Cu.  pw 
PftM.-inJIe. 

prrSq. 

I. 

5i0 

76 

20 

1,72 

83 

11. 

SM 

63 

23 

1    70 

178 

HI. 

394 

61 

41 

1.85 

79 

IV. 

154 

42 

36 

2.18 

47 

V. 

\M 

41 

40 

2  26 

39 

VI. 

422 

53 

41 

1.89 

39 

vn. 

me, 

60 

94 

2.07 

6 

VIII. 

3W> 

4B 

54 

2.06 

24 

IX. 

2in 

48 

53 

2,32 

15 

X. 

&w 

67 

48 

2.29 

7 

U.S. 

354 

M 

34 

1.94 

34 

80 
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Table  V 
FREIGHT  TRAFFIC  PER  CAPITA 


Group. 

T00-BlIl«B 

Av.  Tnin 

Av.  Ilau]  per 

RwwioU  per 
Ton*milo,  Cu. 

per  Ckpita. 

Loud,  Tent. 

Ton,  Milea. 

I. 

I2C0 

203 

03 

1.12 

n. 

3170 

502 

127 

.64 

III. 

AflOD 

457 

116 

.50 

""IV. 

2050 

423 

192 

.66 

^  V. 

ir>50 

278 

150 

.80 

■      VI. 

3330 

3d9 

140 

.76 

VII. 

4130 

375 

271 

.96 

VIII. 

2430 

2fl3 

183 

.97 

IX. 

1330 

2S9 

131 

1.06 

X. 

2400 

369 

174 

1.20 

U.S. 

2S0O 

380 

138 

.76 

From  the  almvc  tables,  it  is  obvious  that  averages  do  not 
show  a  very  definite  figure  which  may  be  taken  as  the  amount 
of  passenger  or  freight  traffic  per  capita  that  may  be  expected 
on  a  proposed  road,  yet  a  rough  estimate  of  probable  traffic  may 
be  made  from  these  fipuros.  The  smaller  amount  of  business 
per  capita  in  Grout>s  IV'  and  V  is  probably  due  to  the  large  pro- 
portion of  inefficient  negnj  population  in  the  states  composing 
those  sections. 

Estmuite  of  Tributary  Population.  To  complete  the  estimate 
of  the  probable  traffic  originating  on  the  line  from  the  considera- 
tion of  the  tributary  population,  it  is  neces8ar>',  after  assigning 
a  vahii!  to  the  amount  jwr  capita,  to  make  some  assumption  or 
estimate  as  to  the  number  of  persona  tributary  to  the  proposed 
railroad.  The  following  general  iiseumptions  might  be  made  to 
assist  in  dctennining  this  factor:  (1)  The  railroad  serves  the  en- 
tire population  of  l<)wn.s  having  no  other  railroad.  (2)  In  those 
cities  and  towns  which  are  served  by  two  or  more  railroads, 
the  population  may  be  divided  between  them  in  proportion  to 
the  mileage  of  the  railroads,  providetl  equal  terminal  facilities  are 
afforded.  (3)  All  rural  population  within  teaming  distance  of 
the  line  which  Is  not  nearer  another  road  and  which  is  not 
cut  off  from  the  line  by  some  natural  barrier,  such  as  a  river, 
steep  hills,  etc.,  may  be  considered  as  furnishing  its  per  capita 
quota  of  traffic.  The  population  of  these  conmiunities  can  be 
obtained  from  census  reports,  the  tributary  population  bearing 
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the  same  relation  to  the  township  population  as  the  tributaiy 
area  does  to  the  area  of  the  township.  By  taking  the  product 
of  the  tributary  pnpulatinn  and  Ihe  traffic  pt;r  capita,  a  proxi- 
mate estimate  of  the  probable  traffic  may  be  obtained. 

Comparison  with  Other  Raikoads.  The  amount  of  traffic 
carried  by  io:uls  piinilarly  situated  may  l>e  a  valuable  check  on 
any  computed  estimates  that  may  be  made  concerning  the 
volume  of  business  that  may  be  expected.  In  making  a  com- 
parison of  this  Bort,  the  surrounding  conditions  should  l>e  taken 
into  consideration,  such  as  the  density  of  population,  the  amount 
of  business  done  in  the  cities  served  as  indicated  by  the  bank 
clearings  or  some  other  measure  of  commercial  activity,  the  gen- 
eral productiveness  of  the  region,  and  the  thrift  of  the  people. 
The  nature  of  the  freight,  whether  it  be  agricultural,  mintn^, 
manufactures,  etc.,  should  lie  carefully  investigated  to  ascer- 
tain whether  or  not  the  conditions  are  Himilar.  Obviously, 
a  road  Uke  the  Delaware,  Lackawanna  and  Western  (see  p.  78) 
should  not  Ix;  compared  with  one  like  the  Great  Northern  or  the 
Missouri  Pacific,  while  a  study  of  the  former  might  aid  in  pre- 
dicting the  traffic  of  one  hke  the  Duluth  and  iron  Range  and  a 
study  of  the  latter  two  might  throw  light  on  the  probable  opera- 
ting conditions  on  a  road  like  the  St.  Louis  and  San  Francisco. 
TTie  reports  of  the  Interstate  Coumiercc  Connni&sion  and  of  the 
state  commissions  arc  available  for  conducting  studies  of  this  kind. 

Estimate  from  Sources  of  Traffic.  The  most  rehable,  although 
the  most  exiK-nsive,  method  of  forming  a  reasonably  close  esti- 
mate of  the  traffic  to  be  expected  is  to  make  a  detailed  study 
of  the  actual  sources  of  traffic  along  the  proposed  route.  This 
consists  in  listing  in  detail  the  manufacturing  plants  and  their 
output,  the  lunilwring  camps,  the  mines,  the  stores  and  their 
lequirements,  the  lai^er  farms,  and  making  an  average  of  the 
smaller  farms.  This  method  would  doubtless  result  in  an  under^ 
statement  of  the  traffic,  for  any  store  or  factory  or  other  industry 
would  doubtless  have  its  business  greatly  stimulated  and  increased 
by  the  introduction  of  tlie  conveniences  tliat  the  railroad  would 
offer.  For  this  reason,  statistics  of  this  sort  should  include  not 
only  present  business,  but  also  that  which  would  Ukely  result  from 
the  unproved  transportation  facilities. 

Effect  of  Proximity  to  Source  of  Traffic.  Upon  the  conven- 
ience of  the  transjiurtutiou  faeihties  offered  by  a  railroad  (K>m- 
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pany  will  depend  the  amount  of  traffic  received  to  a  very  great 
extent.  In  ihe  early  days  of  raitroa<l!;.  it  was  customary  for  trains 
to  stop  at  farms  ainiig  the  way  for  the  purpose  of  unloading  farm 
implements  and  taking  on  produce.  Even  now,  railroads  enter* 
iug  into  large  cities  find  it  advisable  to  rstabliah  milk  stations  at 
frequent  intervals  along  the  right  of  way.  The  question  as  to 
how  far  such  faciUtics  may  be  extended  is  an  economic  one  and 
is  not  e-asily  answered.  Mr.  A.  M.  Wellington  in  his  "  Economic 
Theory  of  Itailway  Location  "  discusses  the  general  situaliuu 
as  follows: 

"  \Srith  the  invention  of  the  railway  first  began  the  manu- 
facture of  transportation  for  sale  on  a  large  scale  and  by  modem 
processes.  A  railway  corporation  .  .  .  exists  for  this  purpose. 
It  finds  itself,  on  completion  of  its  work,  in  possession  of  a  certain 
improved  piece  of  real  ej»tale,  of  certain  buildings  and  fixed 
machinery  (the  track),  and  of  certain  tools  and  machines  (the 
rolling  stock)  for  the  nianufactiui;  of  its  commodities,  t(^;ether 
with  certain  eatablishnienis  (the  locomotivu  and  car  shops) 
for  the  maintenance  and  repair  of  its  machine  tools,  which  the 
extent  of  its  business  requires.  .  .  . 

"  On  the  premises  so  rented,  the  corporation  carrieB  on, 
for  its  own  benefit,  the  business  of  manufacturing  and  selUng 
transportation,  so  to  speak,  at  wholesale  and  retail,  in  lota  to 
suit  the  purchasers.  .  .  . 

"Now  continuing  (he  parallei,  which  will  perhaps  help  to 
enforce  the  truths  required,  and  referring  only  to  sales  of  transpor- 
tation, or  revenue:  if  a  manufacturing  company  in  such  circum- 
sta,nces  should,  in  planning  its  works,  so  plan  them  as  to  cut 
itself  off  from  disixming  certain  lines  of  goo<ls  which  it  manu> 
factures,  or  should  place  its  ret-ail  establishments  (stations) 
at  inconvenient  points,  it  is  clear  tlmt  it  would  have  seriously 
handicapped  ilself,  even  if,  perchance,  justifiably.  This  a  rail- 
way does  when,  by  faiUng  to  run  close  to  any  accessible  towns, 
it  is  prevented  from  furnisliing  them  with  transportjition,  or  it 
is  so  far  away  that  salps  are  inconvenient.  .  .  . 

"The  force  of  this  paralli'l  is  slill  further  and  greatly 
strengthened  if  we  n;niember  that,  with  much  that  is  edmilar, 
there  is  in  one  respect,  a  momentous  and  bruad  distinction 
between  the  seller  of  transportation  '  *^e  seller  of  other  com- 
modities.   The  production,  or  pa*  'lion  uf  irausporta- 


tion  is,  from  the  necessity  of  the  business,  considerably  in  excess 
of  the  amount  sold,  and  its  cost  boars  an  irn^gular  ratio  thereto. 
Every  time,  for  example,  a  passenger  train  start*  out,  there  is 
*  manufactured,'  so  to  speak,  several  hundred  passenger  trips. 
If  they  be  not  sold,  they  cannot  be  stored  away  until  tlie  next 
day's  trade,  like  the  remnants  of  a  lot  of  dry  goods.  They 
are  simply  wasted  and  thrown  away.  It  is  with  the  railroad 
much  as  if  the  tradesman  were  com^Hilled  to  ctit  a  new  piece  of 
each  kind  of  goods  each  day  and  then  throw  away  the  part 
remaining  unsold  each  night." 

Obviously,  therefore,  it  is  desirable  to  afford  all  the  con- 
venienoc  possible  that  will  bring  in  more  traffic  and  which  will 
produce  returns  in  proportion  to  the  outlay.  In  EJiglaud,  the 
railways  collert  and  deliver  the  freight  directly  from  and  to  the 
customer's  door  to  a  great  extent.  The  horse  or  the  motor  vans 
of  the  railway  call  at  the  consignor's  warehouse  for  the  freight 
to  be  shipped  and  then  other  vans  deliver  the  goods  when  they 
arrive  at  their  destination.  Where  this  custom  is  not  followed, 
as  in  the  United  States,  other  means  of  promoting  convenience 
must  be  considered.  Two  pos.sir>Ic  ways  of  doing  this  suggest 
themselves,  viz.,  (a)  placing  the  stations  near  the  centers  of  towns 
And  (/')  placing  station  stops  and  sidings  at  frequent  intervals 
along  the  hue. 

Location  of  Station  with  Reference  to  Center  of  Town.  In 
those  instances  where  a  railroad  has  a  monoiwly  of  the  traffic  at 
a  certain  {Hiljit,  it  will  get  all  of  tlm  shijiping  at  that  point  to 
be  had  even  though  its  local  faciUties  are  not  conveniently  sit- 
uated. However,  {«)nvenient  shipping  faciUties  always  stim- 
ulate and  create  traffic  to  a  considerable  extent,  and  moreover, 
even  though  the  railroad  may  enjoy  a  monopoly  in  Uie  1>eginning 
it  may  not  continue  to  do  so  unless  its  shipping  facilities  are 
such  as  to  satisfy  the  needs  of  the  people  8er\'ed.  On  the  other 
hand,  when  the  olement  of  competition  enters,  the  amount  of 
business  that  any  one  road  will  secure  m\\  depend  very  largely 
Up<Hi  the  convenience  of  the  lucal  shipping  facilitii'S;  for  the 
patron  figures  transportation  costs  from  his  door  or  the  door 
ol  his  warehouse  to  thi-  destination  and  includes  dra,vage  or  other 
charges  us  well  as  freight,  and  consetiiieiitly  any  ud<iitiunal  charge 
such  OS  drayage  or  cab  hire  will  work  to  the  detriment  of  the  rail-' 
road. 
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Fre^aeDtlj  Tailroade  have  aoo^  to  fiwinniiBP  by  loeatang 
(beir  s(Atk)t»  at  •  Htrtanw  from  the  center  of  towas  on  ml 
estate  that  wu  modb  less  expcnavc  tban  that  atuated  in  the  heart 
of  the  tovms.  Thw  policy  is  fobe  eoooomy,  as  the  history  of  cTeo' 
roiul  th&t  hu  thed  it  will  demonstrate.  Mr.  WdHi^toD  weil 
•aid  that  isaEh  a  oouree  wa^  like  buikUog  all  the  spans  of  a  long 
btid^e  but  ooe  and  then  operating  that  ooe  t^  a  ferry  because  it 
wu  a  abort  one. 

Eumples  that  illnstrate  these  facte  readily  occur  to  the 
mind  of  anyone  who  has  had  opportunity  to  observe  the  rail- 
roads at  difl^^reiit  cities  and  to  study  the  corrRsponding  traffic 
conditions.  The  New  York,  Chieago  and  St.  Lx)uia  R.  R. 
(Nirki'l  Plate)  competes  at  various  points  along  its  line  with  the 
Pennsylvania  and  with  the  Lake  Shore  and  Michigan  Southern 
railways  at  a  very  great  disadvantage  because  its  stations  are 
looated  far  from  the  centers  of  the  towim.  As  a  result,  the 
latt4!r  rrnids  carry  th<»  choice  of  the  traffic,  that  is,  the  most  prolit- 
ihlr  trnffic,  while  the  former  must  be  content  with  carrying  small 
lipmentH  and  othem'ise  less  desirable  business.  For  example, 
at  VulpiinuHO,  Indiana,  the  Pennsylvania  Railroad  carries  practi- 
r'nlty  nil  of  the  traffic  because  the  Nickel  Plate  station  is  about 
liulf  u  mile  piutt  the  Pennsylvania  station  and  the  Grand  Trunk 
statinu  is  still  fartlwir  away  in  another  dii-ection.  At  Gary, 
however,  only  aliout  l-l  miles  away,  the  Pennsylvania  suffers 
beoaUM  lit  depot  is  over  a  mile  from  the  center  of  the  city  owing 
to  the  fact  that  thp  tattt^r  was  built  entirely  after  the  rail- 
rotid  was  well  estabiiRhed.  It  is  due  to  the  unexcelled  service 
whitili  the  Pcnnsylvauitt  oITors  in  other  respects  that  it  secures 
any  considerable  portion  of  the  traffic  from  this  point,  because 
the  Lako  Shore  furniNliod  a  handsome  and  commodious  station 
in  the  heurt  of  the  city.  The  enormous  sum  of  money  spent 
by  the  Pcimsylvania  in  securing  a  station  on  Manhattan  Island 
nt  Now  York,  therehy  ohiaining  an  advantage  over  those  lines 
having  termini  on  the  west  shore  of  tlie  North  River  and  at  the 
Humo  tiinit  plnrintt  its  stations  on  a  par  with  the  Grand  Central 
Station  of  the  Ni'W  York  Central  lines,  which  is  in  the  heart  of 
tlir  city,  is  another  tllu!«triLtion  of  the  fact  that  railroads  act  upon 
this  principle  so  far  as  practicable.  The  disiul vantage  formerly 
ftcorumK  to  thf  IVnver,  Northwestern  and  Pacific  at  Denver  in 
Out  bving  able  tu  cuter  Uie  Union  depot,  tu  the  Di>luwart>,  I^cka- 
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wftnna  and  Western  at  Patprson,  N.  J.,  because  of  the  long 
haul  to  the  station  and  the  hill  in  addition,  to  the  Rock  Island 
At  Peoria,  Illinois,  in  not  entering  the  Union  station,  to  the 
Union  Parific  at  I/awrtmc<',  Kannitj!,  where  in  addition  to  the  greater 
distance,  a  long  hridge  must  be  crossed,  further  illustrate  the 
principle  involved.  The  Pennsylvania  road  obtains  by  far  the 
major  portion  of  the  traffic  between  Philadelphia  and  Baltimore 
largely  because  of  the  proximity  and  commodiousncss  of  the 
Broad  Street  Station  in  comparison  with  the  facilities  offered 
by  ita  chief  competitor,  the  Baltimore  and  Ohio.  Sometimes, 
however,  the  arrangement  of  local  transportation  lines,  such  as 
street  cars,  subway  and  elevated  railways  may  offset  to  a  great 
extent  the  disadvantages  of  mere  distance,  but  too  great  weight 
should  not  be  attached  to  such  conditions  because  the  local 
conditions  are  likely  to  adjust  themselves  in  accordance  with  the 
Deeds  of  the  case  and  thus  alter  the  situation,  in  this  respect. 
Wellington  estimated  that  a  road  would  lose  from  10  per  cent 
under  non-competitive  conditions  to  50  per  cent  under  sharply 
competitive  conditions  of  the  traffic  normally  coming  to  the 
road  for  each  mile  the  station  is  from  the  business  center. 

Frequency  of  Station  Stops.  The  distance  between  station 
stopfl  is  not  always  witliin  the  control  of  the  railroad,  but  the 
spacing  of  stations  and  intermediate  sidings  should  receive 
careful  consideration.  Naturally,  stations  will  be  established 
at  all  existing  towns  thrfuigh  which  the  line  piuses,  but  it  may  l>e 
desirable  to  arrange  sidings  and  stops  between  the  towns  in 
order  to  accommodate  the  tmflie  of  thit!kly  populated  rural  sec- 
tions. The  cost  of  lost  time  and  of  starting  and  stopping  the 
trains  must  be  balanced  against  the  added  revenue  obtained  by 
fixing  the  extra  stop  or  siding.  Usually  the  smaller  stations  arc 
operated  as  Hag  8top«  for  passenger  trains,  and'  consequently 
stops  would  not  need  to  be  made  unless  passengers  were  actually 
to  IfC  received  or  passengers  were  to  alight  at  such  places.  The 
proper  inter\'al  hetwr<'n  sidings  depends  rhielly  upon  the  char- 
acter of  the  countr>'  traversed-  In  the  rich  agricultural  r^ons 
of  sunie  (if  the  Middle  Western  states,  station  stops  for  passengers 
are  provided  about  5  to  7  miles  apart,  with  sidings  for  freight 
at  such  [joints  and  frequently  between  such  stations  also.  About 
3  to  5  milcA  ronstiluie  the  maximutii  liaul  flcsirablc  for  farm  prod- 
uce to  market  and  the  sidingt<  should  be  spaced  so  as  to  enable 
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H            the  farm  produce  to  be  loaded  on  cars  without  greatly  exceeding 
^^^_       this  liimt. 

^^B            Traffic    from    Connecting   Lines.    Besides    the    trafiSc   that 
^^^       originates  on  the  line,  the  traffic  that  may  be  derived  from  con- 
H              nectiug  lines  should  be  carefully  considered,  for  it  inay  amount 
H             to  more  in  some  instances  than  the  former  item.     As  a  matter 
H            of  fact,  the  success  of  many  lines  is  due  more  to  their  favorable 
H            connectious  than  to  the  productiveness  of  the  country  traversed. 
H            Small  lines  are  acquire-d  by  larger  roads  as  feeders  and  the  main 
H             line  traffic  may  consist  chiefly  of  that  received  from  connecting 
H             lines.     Table  VI  indicates  Ihc  pro|K)rtion  of  trafHc  originating  on 
H            the  line  and  that  received  from  connecting  Unea  in  the  state  of 
H            Indiana    for   the  year   1911.      It  is  probable   that  many  short 
H            lines  \viU  be  constnicted  iti  this  <rountr>'  in  the  future  to  8er\'e  as 
H             connecting  links  between  existing  branches,  and  consequently  o\-er 
H            such  lines  the  traffic  reccivetl  from  connecting  carriers  will  largely 
^^^       constitute  a  major  portion  of  the  total  busine-ss. 

^^^^fa                                        Table  VI 

^^^^  PROPORTION  OF  FREIGHT   11ECEI\^D  FROM  CONNECTING 

^^^H                                           lUarMwl.' 

Por  Mot  Orieioktins 
on  Lino. 

Pnr  C*Ot  HoPrivfld 
Canier*. 

17. 8 
28.2 
67.0 
61.5 
38.4 
54  6 
38. 4 
26.6 
10.4 
22.1 
40.0 
66.2 

82.2 
71.8 
33.0 
38.5 
01.6 
46A 
61.6 
73.4 
80.6 
77.9 
fiO.4 
33.8 

H              f>|,:^  ff  V 

■                f<    r*    r-   ^p,    r 

■               L.S.&M,  S 

■             N.  y.  C.&St.  L 

^F                 Volume  of  Traffic  a  Function  of  the  Population.     From  the 
H            previous  paragraphs  it  is  evident  tiiat  trafhc  increases  with  the 
H            population  in  some  ratio  and  in  the  present  paragraph  an  attempt 
V            will  be  made  to  investigate  the  relation  which  the  volume  of 
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traffic  bears  to  the  population,  first  analytically  and  then  by  a 
study  of  Btatisticul  data. 

The  following  illustration  is  adapted  from  Wellington. 
Suppose  two  choices  of  route  are  offered  Ijetween  the  points  A 
and  B,  one  direct  and  the  uther,  by  a  slight  detour,  iiirluding  C. 
What  will  be  the  relative  amounts  of  trafRc?  Assume  points 
A,  B  and  C  to  be  equal  iu  size.  The  result  is  that  instead  of 
merely  the  traffic  A-R^  the  traffic  unit*  A-€  and  B-C  are 
opened,  whicli  woiUd  about  double  the  traffic  A-B.  Owing  to 
the  fact  that  nearness  of  cities  teiuls  greatly  to  augment  the 
amount  of  traffic  Iwtween  them,  the  actual  tonnage  Iwtween  A 
and  C  or  between  B  and  C'  will  l>e  much  greater  than  it  would 
have  been  for  the  direct  route  between  A  and  B.  Due  to  this 
fact,  the  traffic  would  doubtless  be  tripled  instead  of  doubled. 
By  introducing  the  points  D  luid  E  on  the  lines  A-C  and  B~C 
respectively,  ten  choices  result,  viz.,  A-B,  A-C,  C-B,  A-D, 
D-C,  C'E,  A-E,  B-D,  D-E,  B-E.  Generalizing,  the  resulte 
may  be  set  dowu  thus, 

No.  of  routes     2       3  4  S  n 

Traffic  ratio        11+2      1  +2+3     1  +2+3+4      1  +2+3+4+  . . .  (n- 1) 


or 


,  choices  of  traffic  routes. 


That  is,  for  n  points  of  traffic  there  are  1+2+3+4  .  .  .  (n— 1), 

n(n+l) 
2 

The  conclusion  may  then  be  dran'n,  if  it  is  assumed  that  these 
traffic  units  remain  equal,  which  would  doubtless  be  true  as  a 
minimum  condition,  for,  oa  indicated  above,  the  traffic  would 
probably  incn-asc  with  proximity  of  sources  of  traffic,  tlmt  the 
comparisou  of  traffic  volumes  under  two  conditions  would  be 


N{N-i) 
n(n-l)  * 


where  N  and  n  represent  the  number  of  centers  of  traffic  under 
the  two  conditions.  If  A'  and  n  are  considerable  size,  this  ratio 
amounts  to  N^/n^.  That  is,  according  to  this  analysis,  the 
volume  of  traffic  varies  as  the  square  of  the  tributary  souroea 
of  traffic.  That  nearness  of  centers  oi  population  so  slimulatea 
traffic  that  the  loes  of  train  mileage  due  to  decreased  distaooe 
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^^^          I'a  mnw  than    nnmppndflfpH   far  hv  tTiP  inrrPAAP  nf  nrtiiftl  tnnnnfrp         | 

and  passengers  hauled  ia  a  fact  borne  out  by  experience. 
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^^^^                                                         PopuIaUoD-MilUom 

^^^H           Flo.  6. — RebttoQ  between  Traffic  and  FopuIatioQ  in  the  United  States. 

^^^             Tho  curves  of  Fik.  5  show  tlir  growth  of  freiEht  and  tmisscd- 

H             Ker  traffic  in  tfie  United  States  with  the  Increase  in  population. 

H             From  these  curves,  it  is  evident  that  the  truffic  can  be  expressed 

H             as  an  exponential  function  of  the  population,    if  the  curves 
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showing  the  traffic  per  capita  were  taken  as  a  straight  line,  then 
the  total  trafBc  would  obviously  increase  a«  the  square  of  the 
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Flo.  6, — Variation  of  Ttaftio  with  PopulAtioiu 

ition    as    indicated   in    the   preceding    paragraph.    The 
on  may  be  repreaented  thus, 
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where  T  represents  the  traffic 
P  the  population; 
C  being  a  coefficient; 
X  being  an  unknown  exponent 

By  plotting  this  equation  on  logarithmic  paper  as 

Log  r=IogC+ilogP, 

using  ton-miles  as  ordinates  and  population  ratios  as  abecisBaa, 
the  value  of  the  slope  x  may  be  obtained  without  conside^ring 
the  constant  C.  This  was  done  fonu  the  records  of  the  Inter- 
state Commerce  Commission  for  the  territorial  groups  desig- 
nated by  the  Commission.*  Fig.  6  shows  this  relation  for 
fJroupa  T,  11,  TV  and  VI.  Table  VIT  gives  the  results  from 
ploitmg  similar  curves  for  the  entire  United  States  and  for  the 
other  Interstate  Commerce.  Commission  groups,  also  for  the 
different  clasaes  of  freight  and  fur  freight  originating  on  the 
line. 

To  illustrate  the  use  of  the  table,  suppose  it  is  desired 
to  estimate  the  increase  in  traffic  due  to  an  increase  in  population 
of  20  per  cent  for  a  railroad  operating  under  conuuercial  condi- 
tions Minilar  to  those  of  Group  V.  For  this  group,  the  relation 
between  traffic  and  population  is  represented  by  T=C'P*.  Let 
the  original  |>opu]atiun  lie  represented  as  unity,  then  the  in- 
ere-ased  population  will  be  represented  by  L2.  Suppose  there 
were  5fi,0(HI  tons  of  frcij^ht-  carried  under  the  former  conditions, 
OS  in  the  case  of  the  Mobile  and  Ohio  Uailwayi  Table  111,  then 

56,000  =  CzlS 

or       C= 50,000  for  these  conditions, 

aod     r = 56,000  X 1 .2*  =  1 06,000  tons  for  the  new  conditions. 

Mail  and  Express  Traffic.  The  revenues  received  for  carry- 
ing U.  S.  mail  are  deterniined  by  average  w(;igliiiig(4  in  different 
ports  of  the  country.  These  weighings  are  made  quadrennially 
and  each  weinhinn  cHtablishes  the  amount  of  pay  that  the  rail- 
roadi  receive  fur  carrying  mail  for  the  succ^Hxling  four  years. 
Although  for  the  carrying  of  mails  there  has  been  a  gradual  ini.rea8G 

'  JwimiJ  A»oc.  Eng.  Soc.,  Vol.  XLVl,  p.  218. 
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^^^^^^V                          Table 

^^^^H           VARIATION  OF  TRAFFIC  WITH  POPULATION 

^^^^^B 

^^f                               T'ToB-nillM.                     PvPopulBtion.                     CaCoef. 

Valcb  of  X. 

^H               T«friU>r7. 

ConiiKMlity. 

App, 

Aetual, 

H     T  utted  SUtes .  . . 

Total 

3 

2.9 

H     (Jmup  I -  -  -- 

" 

2.5 

2.2 

II 

3 

2.7 

■    Group  III 

41 

t> 

5.5 

11 

6 

4  7 

1  ( 

4 

4.3 

Group  VI 

" 

4 

4.5 

Group  VTI 

" 

8 

8.3 

Group  Vin. 

II 

3 

3.4 

Group  LX. 

*' 

2 

2.3 

Group  X 

It               II 

3 

3.4 

1 
i 

United  SMte« 

Originating  on  line . . 

5 

4.8 

• 

1 

6 

6  1 

1 

6 

5.6 

DiTinrtD  III        .  . 

( 

5 

4,7 

United  Sutea 

.\nimtJ  products.  . , 

• 

2 

2.0 

■  (      ti 

AKTic,  products. . . . 

' 

2 

2.0 

tk           fl 

Mine  products 

1 

5 

SO 

- 

4*           It 

Fortwl  product*. ,  . , 

' 

4 

4.3 

■ 

_                     "           " 

Manuf.  products..  , 

I 

7 

7.1 

4<            II 

1 

S 

6.0 

■ 

in  the  actual  rc<^ipts.  yet  the  service  rendere<l  has  also  greatly 

increatted,  and,  as  a  matter  of  fact,  the  revenues  from  this  source 

have  by  no  means  kept  pace  with  the  earnings  from  other  sources. 

In  1913,  these  were  1353  full  railway  post-office  cars  in  use  and 

in  re8er\'e,  of  which  596  were  all  steel  cars,  201  steel  under- 

frame  cars  and  556  wooden  cars.     In  addition  to  these,  there  were 

4120  apartment  cars  in  use.  and  in  reser^'e,  of  which  354  were  aH- 

^  steel  cars. 

B        The  rcccipta  for  carryinK  packaf^f^  for  express  companies 

~  arv  larRer  than  those  from  carryinK  mail.     Out  of  every  dollar 

laicen  in  hy  the  express  companies,  the  railroads  get  from  45 

to  55  cents.    Mail  contributes  on  an  average  for  the  United 

States,  1.6  per  cent  of  the  total  earnings  while  express  furnishes 

._. 

L_ 
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^^H             Traffic  on  Interurban  Lines.    The  traffic  on  electric  inter- 
^^^B        urban  railways  i8  chiefly  confined  to  passenger  IninsiKirtation, 
^^^■'        although    several    such    lines    are   hauling    express  and    freight 
^^H        pr;)fit,jil)ly.     Because  of  the  greater  convenience  of  interurban 
^^^H        travel  in  many  instancee,  interurban  lines  have  made  serious 
^^^H        inroads  on  the  local  passenger  business  of  steam  roads  in  many 
^^^1        RAfles.     For  example,  the  following  figures  show  the  falling  oft 
^^^H         bf  passenger  travel  Ix^tween  C^ltsveland  and  Oberlin,  Ohio,  on  the 
^^^B         Lake  Shore  and  Mirhigan  Southern   Railway  after  an  electric 
^^^K       intcrurbau  Uuf;  had  been  coustructcd  joining  these  two  points: 

^^H                                                FASSENGBRfi  CARRIED 

TcuJ. 

Wrat  Bound. 

£ut  Bound. 

203,014 
91.761 

184,426 
46,328 

98,588 
45,433 

^^H              Table  VIII  shows  the  revenue  from  some  interurban  railways 
^^^1         In  the  stale  of  Illinois  for  the  year  UI12. 

^^H              Importance  of  Large  Gross  Revenues.    The  universal  cxp?ri- 
^^^1         encc  of  railroach  ha.s  bc{>n  that  thoy  have  had  a  small  mancin 
^^^B         between  gntss  eaniingH  and  Kro.s.s  ex pi^tidi lures,  aixl    to  increase 
^^^B         this  margin  is  the  chief  problem  of  railway  operation  and  the 
^^^H         possibilities  of  widening  this  margin  should  be  ever  kept  in  the 
^^^H         mind  of  the  locating  engineer.     Fixed  charges  var>'  but   little 
^^^B         if  at  alt  with  the  volume  of  traf&c,  and  it  wilt  bo  seen  later  that 
^^^H         operating  expenses  do  not  increase  by  any  means  in  proportion 
^^^H         to  an  augmented  trattic,  nor  do  they  decrease  proportionally  with 
^^^H         a   diminished    tnifTic.     (tcneral   o|)crating   expenses   arc   almost 
^^^H         independent  of  the  amount  of  traffic  carried  while  thoee  expenses 
^^^H         more  intimately  connected  with  train  o[K'ration  are  more  or  less 
^^^H         affected,  but  never  in  proportion  to  the  increase  or  decrease  In 
^^^H         the  amount  of  traffic  handled.     Kach  additional  train  costs  leas 
^^^H         per  train  mile  than  du  ihinn:  already  operating,  while  the  revenues 
^^^B         depend  directly  u[X)n    the  amount  of  traffic.     From    these  con- 
^^H         sidcrations,  the  im|)ortauce  of  securing  the  largest  possible  gross 
^^^H        reveuucM  is  obvious. 
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CHAPTER  VI 


OPERATING  EXPENSES 


Definition.  It  is  not  an  easy  matler  to  frame  aii  entirely 
satisfaciory  dffinition  of  operatinR  expenses  as  the  tenn  hag  lieen 
variously  interpreted  by  the  Interstate  Commerce  Commission 
and  tlie  different  stale  raih'oad  eomniisaiona.  Given  a  railroad 
plant  in  normal  state  of  repair,  the  opcratinR  expcnees  are  thoHe 
involved  in  eonductinR  traffic  over  the  railroad  and  in  maintaining 
the  railrojul  in  ilj*  original  rondition.  In  an  industry  whose 
ofRaniKntion  and  processes  are  simple,  the  separating  out  of 
operating  expcnae-s  is  not  difficult.  In  such  a  case,  the  income  is 
easily  stat-ed,  tin;  operating  expensRs  readily  calculated,  and  the 
pro6t  thereby  directly  determined.  In  the  case  of  a  railroad, 
however,  the  matter  is  very  complex.  In  the  first  place,  it  is 
diffif'uh  to  diHtinguish  Ix'tween  the  expenditureH  made  in  opera- 
tion and  those  made  in  creatinp  the  plant,  that  is,  between  real 
o|H.'raLinK  exix'ixsea  and  capital  rhargea.  For  example,  when  small 
tooln,  wiisU'.  or  other  similar  items  are  purchased,  while  they  may 
replaa^  other  equipment,  they  add  to  the  physical  plant  and,  in 
a  wnso  are,  iherefon'  capital  charges,  yet  such  expenditures  would 
ho  clasAcd  as  operatinR  expenses.  The  Interstate  Commerce 
Commission  has  rulctl  that  in  gcneml  when  any  equipment  is  pur- 
chased to  replace  old  etiuipment,  the  cost  of  replacing  the  old  ie 
chargt^d  to  o|)eniting  expenses  and  the  n-maindcr  of  the  purchase 
prieo  is  charg^Kl  to  Additi(niK  and  Betterments,  which  is  a  capital 
account.  This  principle  is  applied  in  the  decision  of  all  rasee  of 
this  sort  imil  hIuhiIiI  l>e  kcpl  clciirly  in  mind. 

Depreciation  as  an  Operating  Expense.  In  a  previous 
chapter,  the  nature  of  depreciation  was  diseuss{><l,and  in  general 
il,  HTifl  found  thai  deiireriation  is  a  charge  made  to  cover  deteri- 
orutiun  <tf  the  eii>ccilii'  |Mirt«  of  the  physical  plant  due  to  wear  or 
passage  of  time.  Some  have  argued  that  depreciation  should  be 
a  capital  rluirge  since,  it  repriw^ntH  a  lessening  of  the  value  of  the 
physical  pUuil.     In  tliu  coac  of  railroads,  however,  the  e^uipmeol 
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cannot  be  allowed  to  depreciate  to  such  an  extent  that  it  cannot 
properly  perform  its  functions,  heuce,  so  far  as  operation  is  con- 
cerned, the  plant  does  not  have  its  capital  wastt'd  away.  The 
custom  on  railroads  of  dropping  equipment  to  lower  classes  of 
operation  as  it  becomes  depreoialod  (functionally  chieflyl  com- 
plicates the  matter  of  making  the  proper  depreciation  charge. 
However,  the  principle  that  depreciation  on  railroads  is  essentially 
an  oiKTulin^  expense  has  become  quite  generally  accepted  in  this 
country  and  doubtle-ss  will  l>e  continued  as  a  basic  principle  in 
all  matters  pertaining  to  distribution  of  operating  expenses. 

Temporary  or  Clearing  Accounts.  In  railroad  operation,  it 
is  frequently  necessar>'  to  provide  for  certain  kinds  of  work  and 
expenditures  that  do  not  fall  directly  and  naturally  in  any  of  the 
groups  of  operating  expenses  provided  by  the  Interstate  Commerce 
Commission  classification.  These  are  chiefly  comprised  of  inter- 
inediatc  processes  and  finally  can  be  properly  grouped  into  the 
prescribed  schedule  of  atxounts,  but  they  are  taken  rare  of  for  the 
time  being  by  temporarj*  pools  called  "  temporary,"  "  accommoda- 
tion," "  suspense,"  or  "  clearing  "  accounts.  They  are  analogous 
to  *'  Lew  and  Over,"  "  Cash  Sales,"  "  Cash  Drawer  "  and  such 
accounts  in  ordinary  business.  In  such  temporary  accounts  are 
assembled  all  the  intennediate  expenditures  and  any  credit  items 
are  entered  in  a  like  manner.  Periodically,  or  when  the  entire 
process  is  complete,  these  temporary  accounts  arc  closed  into  the 
appropriate  account  of  the  fixed  schedule. 

For  example,  traveling  expenses  in  connection  with  buying 
eqm'pmenL  arc  ultimately  charged  to  the  cost  of  that  equipment, 
but  are  taken  care  of  temporarily  by  an  a<rcommodation  account, 
Intermediate  procrsscji  of  bl.Hsling,  steam-shovel  work,  etc.,  at 
ballast  pits  and  quarries  furnish  other  illustrations,  they  being 
finally  charged  to  the  cost  of  the  ballast  or  crushed  rock.  The 
official  aernimt  of  the  Interstate  Commerct?  Commission,  "  Addi- 
tions and  Betterments ''  is  in  reality  such  a  clearing  account, 
licing  periodically  closed  into  the  appropriate  capital  account. 

Classification  of  Railroads.  The  Interstate  Commerce  Com- 
mission classifies  railroads  into  three  groups,  viz.,  Class  I  com- 
prising those  roads  having  total  operating  revenues  of  more  than 
$1  ,(X>0,000  annually,  Class  II  embracing  those  roads  having  annual 
operating  revenues  between  S100,000  and  $1,000,000.  and  Class 
III  including  roads  having  operating  revenues  leas  than  $100,000. 
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This  classification  was  made  in  order  to  install  a  system  of  ac- 
counting lliat  would  lie  best  adapted  to  the  iiwds  of  thp  various 
roads.  Most  of  Cliiaa  III  roaiLs  arc  very  small,  having  from  1  to 
50  niilea  of  line.  It  is  obvious  that  the  same  sj'stem  of  account- 
ing wouUl  not  be  suitable  for  thtsc  different  rhisscs  any  more 
than  the  accounting  methods  of  h  large  metropolitan  bank  would 
be  satisfactor>'  for  a  small  rural  bank,  or  vice  versa.  Most  of 
the  rmids  that  have  been  built  in  the  United  States  would  have 
come  under  Classes  II  and  III  when  constructed  but  have  now 
been  merged  and  grouped  under  large  systems,  so  that  Clafts  I 
roads  now  repre^MJUt  about  00  per  cent,  Class  11,  8  per  cent 
and  Clasa  III  roads  2  per  cent  of  the  total  mileage. 

Classification  of  Operating  Expenses.  Until  recent  'years, 
there  wtvs  no  uiiifonnity  of  practice  in  regard  to  operating  expense 
accounts,  but  the  Interstate  Commerce  Commission  now  pre- 
Rcribea  the  methods  of  keeping  such  accoimta  and  the  complete 
classification  of  items  nf  such  expense.  Three  different  issues  of 
these  directions  have  tx?en  sent  out.  viz.,  1907,  1908  and  1914. 
The  following  classification  is  that  of  the  issue  that  went  into 
effect  July  1,  1914.  The  accounts  of  this  classification  "  are 
designed  to  show  the  expenses  of  furnishing  transportation  ser- 
vice, including  the  expenses  of  maintaining  the  plant  used  in 
the  service."  Under  the  1914  elassification,  there  are  eight 
groups  of  operating  expenses,  to  wit : 

per  C«il  ol 
AcMiUDt.  ToUU  0|>. 

Kipcnam,  1915. 

I.  Maintenance  of  way  and  structures  .  .  18.0 

II.  Maintenance  of  equipment.  .    24.6 

III.  Traffic 2.9 

IV.  Transportation — Kail  line..  1  ._  . 
V.  Transportation — Water  line  J 

VI.  Misi-ellancous  operations 

VII.  C.enpral 3.7 

VIII.  Transportation  for  investment, 

(together  with  VI) 7 

100.0 

Table  IX  gives  the  operating  expenses  for  the  entire  United 
States  and  for  the  three  districts  for  the  year  1915,  both  the  total 
and  the  expenses  per  mile  of  line. 
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I.  Maintenance  of  Way  and  Stnicttires.  Maintflnance  con- 
sists of  pn'scrvinp  thr  plant  in  'iX»  original  condition  and  Inrludcs 
not  only  cost  of  repairs,  but  also  loss  throuRh  <lepr(M'iation,  and 
loss  due  to  fire,  flood,  or  other  casualty.  In  connection  with 
maintenanre,  two  Iflrms,  repairs  and  renettvh,  are  of  frequent 
occurrenw.  The  former  refers  to  replacing  parts  actually  woni 
out  or  broken,  while  the  latter  refers  to  replacing  parts  that  are 
partly  worn  with  nrw  ones  in  order  to  prevent  a  futures  breakdown. 

In  the  following  classification,  where  two  nuinlx?re  are  assigned 
to  one  account,  the  first  refers  to  the  repaii-s  and  renewals  of 
that  account  whiln  the  second  rrfors  to  the  depreciation. 

201.  Superintendence.  This  account  includes  the  pay  of 
officers  chargeable  to  this  account,  such  as  executive  officers, 
engineering  st«ff,  head  carpenters  and  masons,  and  inspectors; 
the  pay  of  elorka,  stenographcre,  messengers,  cooks,  porters,  etc.; 
and  office  and  other  expenses. 

202,  203.  Roadway  Mainieiiane^.  Included  in  this  account 
are  (I)  care  of  roadlnxl,  (2)  general  cleaning  of  roadway,  mowing 
weeds,  removing  mistvHaneouK  debris,  etc.,  (3)  watching  the  road- 
way, extinguishing  fires  and  patrolling,  (4)  bank  protection, 
riprap,  breakwaters,  revetuieuts  and  other  devices  to  protect 
embankmente,  (5)  train  service  in  connection  with  work  trains  for 
maintenance,  and  (6)  track  changes  caused  by  relocation  of 
tracks. 

204,  205.  Ufiderffround  PoM^er  Tubes  contains  the  expenditures 
for  reiiairs  of  mideiground  power  tubes  and  the  current  loss 
from  depreciation  of  the  same. 

206,  207.  Tunnels  and  Sutnvays  includes  charges  for  repairing, 
ventilating  and  otherwifte  caring  for  such  structures  and  the  loss 
from  depreciation  of  the  same. 

208,  209,  210,  211.  Bridfiet,  TrestJea,  CulverOi,  and  Klevaled 
Structures.  These  accoiinis  inrlude  n  nundH"r  of  items  such  as 
the  repairs  of  these  structures,  altering,  dredging  and  cleaning, 
painting  and  protection.  The  w^iKtnd  account  covers  depreci- 
ation chargt!s  and  the  laet  two,  aimilar  items  concerning  elevated 
railway. 

212,  213.  ZVw.  These  accountn  cover  the  cost  of  all  ties  for 
repairs,  renewals  and  the  depreciation  charges,  but  not  expense 
in  connection  with  placing  the  ties  in  the  track.  The  cost  of 
ties  has  greatly  increased  in  the  paat  few  decades  and  the  relative 
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expense  connected  with  lie  renewals  has  greatly  advanced  due 
Ut  this  fact.  Tie  treatment,  the  use  of  tie  plates  and  of  screw 
spikes,  arc  tending  to  hold  this  upward  trend  in  costs  in  i-hcck. 

214,  215.  Rait«.  These  accounts  cover  the  cost  of  rail  re- 
Dewal*  (lees  salvage),  and  depreciation.  WTien  light  rails  are 
replaced  by  hca\ier  ones,  only  the  cost  of  the  fonner  are  charged 
to  this  account,  the  nmiainder  Inking  charged  to  Adttitions  and 
Bettcnuents.  Insets  In  rail,  sueli  as  frogs,  switch  "points  and 
erntwings  are  not  considered  rails.  While  the  initial  ex|)enae  of 
laying  rails  is  very'great  and  constitutes  a  large  portion  of  the 
initial  cost,  the  cost  of  renewals  averages  less  than  one-third  that 
of  ties.  Much  study  is  now  Iwing  devoted  to  the  manufacture 
of  rails,  both  as  to  constituents  and  ns  to  processes  of  fabri- 
cation, with  a  view  to  prolonging  their  life. 

216,  217.  Other  Track  Material  includes  such  itemB  a«  angle 
bars,  track  fastenings,  frogs,  switch  points,  switch  stands,  derails, 
anti-creepers,  etc.  Interlockei-s  and  signals  are  not  a  part  of 
track  and  are  provided  fur  elsewhere. 

218,  219.  ^a//a-s/ includes  the  cost  of  the  material  deUvercd  on 
the  track.  Where  cinders  lu-e  used,  the  cost  of  loading  the  same 
is  charged  to  another  account,  388.  Earth  placed  in  the  middle 
of  the  track  is  not  to  Ix;  considered  as  ballast. 

220.  Track  I^aijing  and  iinrfacitig.  This  account  includes  the 
cost  of  labor  in  applying  ballast,  ties,  rails,  and  other  track  material, 
in  aligning  an<l  surfacing  track,  the  cost  of  train  service  in  this 
connection,  and  the  cost  of  track  work  in  taking  up  and  relocating 
tracks. 

221, 222, 22:J,  224.  Right  of  Way  Fences;  Snmv  and  Sand  Fences. 
These  accounts  cover  all  costs  of  repairing  the  slrueturea  named 
and  the  depn^ciation  on  the  same. 

225,  226.  Crossings  and  Sign«.  Under  these  accounts  come 
costs  and  charges  for  depreciation  and  highway  and  farm  cross- 
ings, danger  signals,  rrossing  gate-s,  and  over  and  under  croasinge 
structures,  and  all  track  signs. 

227,  228.  Station  and  Office  Buildings.  These  accounts  cover 
co«t«  of  repairs  and  depreciation  charges  on  such  structures  as 
baggie  rooms,  express  buildings,  freight  bouses,  grain  elevators, 
icehouses,  milk  stands,  mail  cranes,  platforms,  scales,  stations, 
storehouses,  telegraph  offices,  warehouse's,  etc. 

229,  230.  Roadway  Buildings  includes  thuse  buildings  that  are 
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essentially  along  the  line  rather  than  at  stations,  e.g.,  carpenter 
shnps,  liandcar  ImuwH,  dwt^Uings  for  roa«lway  employees,  etc. 

231,  232.  Wai^  Slatwns.  Stmctures  coming  under  this  acr- 
count  arc  those  connected  with  supptyinK  the  water  for  the  rail- 
roads, viz.,  pump  houses,  tanks,  water  cranes,  pipe  lines,  dams, 
resenoirs,  pumping  machinery,  etc. 

233,  234.  Fuel  Statiom.  Fuel  houses,  coal  pockets,  fuel  oil 
faciUties,  etc.,  c-ome  imder  this  account. 

235,  236.  Shops  and  Enginehouses.  Comprehended  in  these 
accounts  arc  Huch  structures  as  cuRine  houses,  repair  shops,  ash- 
pits, oil  Jiousos,  sand  houees.  transfer  tahtes  and  tumtahles,  and 
all  others  used  by  the  carrier  in  repairing  and  preparing  equipment. 

237,  238.  Gram  ElevtUors.  All  slriictures  involved  in  the 
storage  or  treatment  of  grain  are  grouped  here.  Small  elevators 
at  way  stations  arc  classed  as  "  Station  Huildings." 

239,  240.  Storage  Worehoinieit.  All  structures  and  accom- 
panying machinery  used  in  storing  merchandise  are  classed  here. 

241,  242.  \Vhait'e,s  and  Docks  covers  such  structures  located 
at  marine,  lake  or  river  docka,  dredging  approaches,  cutting  ice, 
rcpaii"s  of  crib  work,  and  other  work  connected  with  their  proper 
maintenance. 

2-i3,  244.  Coal  and  Ore  Wharves  are  kept  separate  from  the 
almve  accounts  Ijccausc  of  the  peculiar  nature  of  their  construc- 
tion and  function. 

245,  246.  Gas  Producing  Plants. 

247,  248.  Telegraph  and  Telephone  Lines  cover  cost  of  repairs 
to  terminal  and  outside  plant,  and  includes  batteries,  electric 
meters,  generators,  motors,  engines,  transformers,  poles,  wireSf 
braces,  insulators,  etc. 

249,  250.  Signal  and  Interlocker.t.  The  growth  of  .signaling 
and  interlocking  on  American  railways  makes  this  an  important 
account.  It  comprehends  the  cost  of  repairs  to  all  structures  used 
in  this  connection,  such  as  signals,  relays,  batteries,  semaphores, 
interlocking  machinery. 

251  to  264.  Power  Plants.  These  accounts  in  order  include 
the  expenses  connected  with  maintaining  power  plant  dams, 
canals,  and  pipe  lines,  power  plant  buildings,  substation  buildings, 
transmission  systems,  diHtributing  systems,  pole  lines  and  fixtureS| 
and  underground  conduits. 

265,  266.  ^fisceUan€ous  Structures. 
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267,  268.  Paving  include  the  cost  of  maintenance  of  paving 
where  tracks  are  laiH  In  paved  streets. 

2tift,  270.  271.  lioadwatj  Mochines;  Small  Tools  and  Supplies. 
Hand  cars,  push  cai-s,  pile  drivers,  grading  outfits,  steam  rollers, 
concrete  mixers,  rock  cruphers,  ditching  and  dredging  machines, 
come  under  the  first  account,  and  adzes,  axes,  crowbars,  picks, 
mauls,  tongs,  wrenches,  etc.,  under  the  Hccoml. 

272.  Removing  SnoiF,  Ice  and  Sand.  Not  only  the  cost  of 
remming  snow,  ice  and  sand,  but  the  cost  of  preventing  their 
accuuiulatioii  comes  under  Ihif;  account. 

273.  Assessments  for  Public  Improvements. 

274.  Injurie^t  to  Persons  covers  expenses  caUMHl  by  injuries  to 
persons  in  connection  with  maintenance  of  way  and  structures. 

275.  Insurance. 

276.  Stationery  and  Printing  incjudex  the  cost  of  materials  in 
correapondcnre  and  reporting  in  connection  with  maintenance, 
e.g.,  paper,  typewriters,  calculating  machines,  mimeographs, 
postage,  etc. 

277.  Other  Erpemes.  Incidental  item.'!  .such  as  wages  paid 
maintenance  of  way  employees  attending  confeiences,  fe<'s  paid 
arbitrators  v{  wage  disputes,  gratuities  to  [xthous  discovermg 
defective  rails,  etc.,  are  gro\iped  here. 

278.  Maintenance  of  Joint  Tracks,  Yards,  and  Other  Facilities, 
Dr.  This  account  is  charged  with  the  carrier's  propf)rtJon  of 
costs  incurred  by  others  in  maintaining  such  joint  facilities. 

279.  Mdintaining  Joint  Tracks,  Yards,  and  Other  Faciliiies, 
Cr.  This  ac<«>unt  includes  the  amounts  chargeable  to  others  as 
their  proportions  of  cost  incurred  by  the  carrier  in  maintaining 
such  joint  fturilities. 

n.  Maintenance  of  Equipment  The  aciouuts  of  this  group 
arc  intendeil  to  show  the  expenses  of  maintaining  the  carrier's 
luipment  used  in  its  operations,  also  the  shop  and  power  plant 
machinery.  The  repair  accounts  include  the  freight  changes  of 
foreign  roads  on  machinerj-  but  not  for  the  carrier's  own  transpor- 
tation. The  accounts  must  be  kept  so  as  to  indicate  separately 
Ibu  ex|X!nses  UHsignable  to  slt^eping-cur  operations,  water-line 
operations,  dining  and  buffet  service,  producing  power  sold,  and 
other  miscellaucous  operations. 

301.  Snperintt^mlence  includes  the  pay  of  the  general  nfficxirs  as 
affected  by  this  branch  of  the  tservice,  superintendent  of  motive 
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pov^r,  mechanical  mginffm,  master  meefaonies,  <  it^Unw  q|  testa* 
riwtriral  co^Deers,  etc.,  the  pay  of  cferfcs  Mod  atteikkatB,  office 
and  otber  apensesL 

302,  303.  Shop  Machinery  mcfaidee  repairs  and  depreciation  of 
macfaincfv  in  shops  and  engine  boosea. 

304,  305,  306.  307.  Pomr  Plunl  Uadomtrf,  Paver  S^^^StaHtm 
Ajrpardtit.  Thew  accounts  compriae  the  repairs  and  dcpreci- 
ataoD  of  aU  boikis,  engiDes,  geseffttors,  sintcfaboards,  bmnsfomicrs, 
etc:,  oaed  for  opention  of  trains  and  for  fantiehing  beait,  li^t  and 
power  for  general  purposes. 

308,  309,  310.  Steam  LooomoHtet—Repain,  DejmdaHom, 
RettremenU.  Theae  accounts  com*  the  cost  of  repairs  to  steam 
locomotives  and  tendeis,  depreciatioo  ctuuigea,  and  the  amoimts 
oeceasanr  to  adjui«l  the  dffietcfkce  between  the  value  of  locomotiTes 
Jesa  salvage  retin?d  from  serrioe  and  the  accrued  depredation. 

311.  312,  313.  Olkcr  Loctmctrnt—Repain,  Deprtdatien, 
ReHremeJiU.  Hhsk  accounts  are  (he  same  as  for  steam  locomo- 
tives. 

314,  315,  316.  Frtight  Train  Corr— K«patri,  Dtpndmtum, 
ReivfmaUs. 

317,  318,  319.  Pa$8enger  Train  Cars,— Ditto, 

320,  321,  322.  Moior  Equipment  of  Can— Ditto, 

323,  324,  325.  Floating  Equipment— Ditto.  These  accoanta 
romprisc  charges  siniUar  to  the  above  on  canal  boats,  barges, 
ferry  boats,  lighters,  launches,  tugboats,  and  scows. 

326.  327,  328.  Work  Equipment— Ditto. 

329,  330.  331.  Miac^lancoua  Equipment— Ditto. 

332.  Injuries  to  Peraont^  comprises  expenses  incident  to 
injuries  of  persons  that  arc  directly  connected  with  repairs  of 
equipment. 

333.  Insurance. 

334.  Stationery  and  Printing. 

335.  Other  Expenaes. 

336.  337.     Maintaining  Joint  Equipment,  Dr.  and  Cr,    See 
corresponding  items  uiulor   Mnintemmre   of  Way  and    Struc- 
tures. 

III.  TrafiEic.  Traffic  cxivmiscs  nro  thotse  inrunvil  for  adx-er* 
tising,  soliciting  and  soruring  IrutKo  fur  the  carrier's  hnes  and  in 
preparing  and  distributing  titrifTs,  gnverniiig  such  traffic.  The 
function  of  the  traffic  dcpartiucut  of  a  railruad  i&  to  obtain 
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Tinr  booki.  faUtn, 
nods  O^  bad. 

ineatred  ia  partiuyiiBR  ia 
tioiis,  boaids  otf  tnde,  etc 

355.  FoM  Ffwifld  Limet,  This  account  coviets  the  cost  le  tfe 
cmmer  of  pBrticipKtkio  m  fast  fragiit  or  dkpaUcii  ac]pLniatiovis, 
its  praportBQB  to  the  pay  oi  ofikcrs  aad  agjCfltte.  Fftst  froif^t 
Cofls  odpaaHjr  fir—Mfli  i1  of  otginiwiriooK  wUdk  eontrMetctl  «i(fa 
nutroftde  to  traiMport  aB  frn^bt  that  they  oouM  aecuir  and  usu- 
ally toniihed  tbeir  ovn  cars  of  special  deoign.  Th»e  orpuki- 
xatiom  becaae  eo-opcfatire  agencies  in  n^iefa  the  railroads  «w« 
stockholders,  and  later  companies  to  vhirh  the  railn.«d$  paid 
lomminwnnn  on  tonnage  debvered.  At  the  present  time,  the 
name  stBI  dings  to  a  much  changed  organisation^  being  for  the 
most  part  a  co-opCTativc  group  of  roads  acting  jointly  for  obtain* 
ing  fieigbt  bosineaB. 

356.  Imhutrial  and  Immigration  Bureaus.  In  this  account 
are  entered  all  expenses  in  connection  with  industiiiU  and  inunigta- 
tion  bureaus,  (he  c(«t  oi  n^cultiiraJ  trains,  donationa  to  faira, 
stodc  ahowa,  experimental  farms,  etc. 

367.  Insurance. 

358.  Stationery  and  Printing. 

350.  Other  Expenses. 
^     IV.  Transportation.    Rail  Line.     In  this  group  of  accounts 
occur  tboeo  cxpcases  in  coniu'ction  with  ftrtiml  tmii.>4|H)rtatioit 
or  movement  uf  peraons  ur  property  over  the  line.     It  is  much 
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the  largest  class  of  expenses,  constituting  practically  half  of  the 
total  operatiiiR  expenses.  Transportation  is  the  ultimate  pur- 
pose for  which  all  the  departments  exist. 

371.  SuperirUfndence  includes  the  pay  of  officers  engaged  in 
conducting  transportation,  such  as  the  vice-president,  genci'al 
manager,  (part  time)  superintendent,  train  master,  etc.,  the  pay 
of  clerks,  attendants,  and  office  and  other  expense. 

372.  DispcUching  Trainx  covers  the  pay  of  all  dispatchers, 
clerks  and  operators  solely  employed  in  the  moving  of  trains. 
This  work  requires  a  very  considerable  staff  on  large  roads,  the 
dispatcher's  duty  being  to  kf^p  constantly  in  touch  with  all  train 
movements  on  the  road  all  the  time. 

373.  Station  Employees.  The  pay  and  cx|K'nsea  of  all  agents, 
clerks  and  attendants  in  charge  of  stations,  wharves  or  piera 
are  charged  to  this  account,  as  well  as  all  labor  employed  at 
stations. 

374.  Weighing,  Inspection  and  Demurrage  Bureaus,  comprises 
those  expenses  incurred  iu  participation  in  such  associations 
as  have  for  their  purpose  the  inspection  of  weighing  and  billing 
all  freight  at  conip<'titive  points  to  insure  that  each  road  lives 
up  to  its  agrtfcmcnts  with  rt^spect  to  its  charges. 

375.  Coal  and  Ore  Wharves.  Afethods  peculiarly  adapted 
to  the  handling  of  coal  and  ore  have  been  developed  and  this 
kind  of  traffic  constitutes  a  lai^e  portion  of  the  business  of  some 
roads.  The  cost  of  keeping  the  machinery  in  order,  the  cost 
of  tools  and  labor  expenses  are  charged  to  this  account. 

376.  Station  Supplies  and  Expenses.  Healing,  lighting  and 
other  expenses  arc  charged  here,  except  labor,  which  is  chained 
to  Account  373. 

377.  Yard  Masters  and  Yard  Clerks. 

378.  Yard  Conductors  and  Brakemen. 

379.  Yard  Stpitck  and  Signal  Tenders. 

380.  381.     Yard  En^inemen;   Yard  Motormen. 

382.  Fuel  far  Yard  Locomotives.  The  coal  and  other  fuel  for 
yard  locomotives  arc  weighed  separately  from  that  furnished 
for  road  locumutivea.  The  cost  of  labor  directly  engaged  in  fur- 
nishing this  fuel  is  also  charged  to  this  account,  but  the  upkeep 
of  coating  stations  is  charged  to  Account  233. 

383,  384.  Yard  Switching  Power  Produced,  and  Yard  Switch- 
ing Power  Purchased,  cover  cost  of  employees,  fuel,  water,  re- 
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jnirs  to  machinery,  and  other  expense?  involved  in  produc- 
ing electric  power  for  locomotives  and  cars  used  m  switching 
service. 

385,  386,  387.  Water,  Lubricants,  and  Other  Supplies  for  Yard 
Locomolwe^. 

388.  Engtmhouse  Expenses — Yard 

389.  Yard  Supplies  a7id  Expenses. 

390.  391.  Operating  Joint  Yards  and  Terminals,  Dr.  and  Cr. 
These  two  accounts  comprehend  the  carrier's  proporiJoii  of  costs 
incurretl  hy  others  in  niaititainin|;r  ^^uch  joint  facilities  and  the 
amounts  chargeable  to  others  as  their  proportions  of  costs  incurred 
thus  by  the  carrier.  Itaitroad?  frequently  divide  such  work  and 
each  does  regularly  certain  |H)rlions,  making  proper  charges  to 
each  other. 

392,  393.  Train  Enginemen,  and  Train  Motormen.  The 
engineman  and  fireman  make  up  the  enginf's  crew  and  their  pay 
is  put  into  u  separate  account. 

3!M.  Fuel  fur  Train  Locomotives.  Fuel  is  the  largest  single 
item  of  expense  in  railway  operation.  It  ineludes  the  cost  of 
fuel  delivered  and  the  cost  of  handling  en  route  to  the  locomotive 
tender.  Moreover,  the  price  uf  fuel  is  eontinually  increasing, 
the  increase  in  price  per  ton  between  1890  and  1914  being  more 
than  30  per  cent. 

305,  306.  Train  Pouter  Produced  and  Train  Power  Purchased. 
These  accounts  cover  all  fuel,  labor  and  other  expenses  incurred 
in  furnishing  po\ver  for  electric  locomotives  and  cars  for  trans- 
portation service. 

397,  398,  399.  Waler,  Lubricants  and  Other  Supplies  for  Train 
Locomotives. 

400.  EnginehoiLie  Expenses—Train.  This  account  comprises 
those  expenses  directly  ronneetcd  with  the  care  of  road  loco- 
motives and  the  proper  proportion  of  the  expenses  common  to 
yard  and  work  s*Tvice. 

'101.  Train  Men  covers  the  pay  of  conductors,  train  auditors, 
baggage-men,  brnkemen,  flagmen,  porters,  guards,  and  other 
train  employees. 

402.  Train  Supplies  and  Expenses.  Cleaning,  heating,  lights 
ing,  lubricating,  icing,  watering,  and  other  train  expenses  are 
cnter«Hi  in  this  account. 

403.  Opernting  Sleeping  Cars.    The  cost  of  superiutcudenoe, 
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stjition  employcef?,  conductors,  porters  and  maids,  laundry  and 
siipplira,  and  olher  related  expenses  are  grouped  here. 

404.  Signal  and  Jnlerlocking  Operations.  The  development 
in  recent  years  of  this  branch  of  service  has  made  it  a  consider- 
able item  of  extxmse.  U  includes  expenses  m  connection  with 
yard  movements  and  movements  between  j'^rds  and  line. 

405.  Crossing  Proiedion  covers  pay  of  gate-keepers  and  sig- 
nal men  at  highway  crossings,  lights,  etc. 

406.  Drawbridge  Operating  includes  all  labor  and  supplies, 
repairs  to  machinery,  etc.,  involved  in  operating  movable  bridges. 

407.  Telegraph  and  Telephone  Operation.  A  very  essential 
part  of  railway  operation  consists  of  the  wu^  communication 
among  all  parls  of  the  organization.  The  telegraph  and  tele- 
phone serviire  included  in  this  account  comprises  that  service 
which  relates  entirely  to  the  operation  of  the  carrier's  trains, 
and  is  separate  and  distinct  from  the  commercial  service. 

408.  Operating  Floating  Equipment.  When  a  body  of  water 
cannot  be  crossed  by  a  bridge  or  tunnel,  it  is  neces8ar>'  to  connect 
the  railroad  on  the  shores  by  means  of  floating  equipment — 
ferries,  barges,  lighters,  etc.  All  expenses  in  connection  with 
such  transfer  of  trafiio,  including  wages  of  crews,  fuel,  wages  of 
longshoremen  and  stevedores,  etc.,  are  charged  to  this  account. 
The  water  transfer  at  New  York,  the  Santa  F6  between  Ferry 
Point  Hud  San  Francisco,  Southern  Railway  between  Pimjer's 
Point  and  Norfolk,  Va.,  aftd  the  Southern  Pacific  between  Oak- 
land and  San  Francisco  are  examples. 

409.  Express  Service.  Express  companies  contract  with  the 
railroads  for  transporting  express  that  the  former  secure  for 
carriage.  The  cost  of  handling  such  express  is  chargeil  to  this 
account. 

410.  Stationery  and  Printing. 

411.  Other  Ex^mmrH. 

4!2,  413.  Operating  Joint  Tracks  and  Facilities— Dr.  and  Cr. 
(See  AccuunU  278  and  279.) 

414.  Infturnnce. 

415.  Clearttiy  Wrt^9.  The  expenses  in  connection,  with 
clearing  wrecks  ore  wages  of  employc<'s,  train  aer^'ice  and  other 
expenses. 

416.  Damage  to  Property.  All  damage  to  property  of  others 
caused  by  tlic  carrier,  except  that  which  the  carrier  is  trans- 
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porting  and  damage  to  stock  on  the  right  of  way  is  charged  to  Ifais 
account. 

417.  Damage  to  Stock  on  Right  of  Way. 

418,  419.  Lofis  and  Damage— FreigH  and  Baggage. 
420.  Injuries  lo  Persons.     Most  of  the  injuries  to  persons 

caused  by  railroads  result  from  accidents  in  transportation.     The 
persons  affected  are: 

1.  Patrons  of  the  road,  either  passengers  or  shippers. 

2.  Abutting  property  owners. 

3.  Trespassers. 

4.  General  public  at  highway  crossings. 
6.  Employees. 

V.  Transportation — Water  Line.  Several  railroads  have  water- 
line  transportation  in  addition  or  supplementary  to  thtiir  rail- 
line  transportation,  e.g.,  Central  R.  R.  of  N.  J.  at  Ntw  York, 
the  Erie  R.  R.  between  Buffalo  and  Milwaukt.'e  and  Chicago,  and 
the  Southern  Pacific  between  New  Orleans  and  Galveston  and 
New  York,  and  between  New  Orleans  and  Havana,  Cuba. 

431.  Operation  of  Vessels,  including  superintendence,  wages 
of  crews,  fuels,  lubrication,  etc. 

432.  Operation  of  Terminals  rivers  expenses  in  the  operation 
of  it'nuiuals  devoted  to  water-line  transportation. 

433.  Incidental  covers  loss  and  damage  to  pro|)erty,  injuries 
lo  persons,  anrl  insuranrp. 

VI.  Miscellaneous  Operations.  The  expenses  of  operating 
Euch  facilities  as  hotels,  restaurants,  power  plants,  cold  storage 
plants,  cotton  compress  plants,  wood  preser\'ing,  ice  supply, 
etc.,  when  not  distinct  and  separate  from  the  facilities  used  in 
transportation  arc  charged  here. 

441.  Dining  and  Buffet  Service. 

442.  HoteU  and  fiestauranls. 

443.  Train  Elevators. 

444.  Stock  Yards. 

445.  Producing  Power  Sold.  Sometimes  railways  sell  power 
from  their  plants,  and  this  account  is  intended  lo  provide  for  the 
expense  of  furnishing  such  power. 

440.  Other  Af  iacellaueous  Operationa,  such  as  ice,  cold  storage, 
cotton  compress,  wood-preserving  plants. 

V'll.  General.  This  group  of  expenses  covers  the  salaries 
of  general  uflicers,  law  expenses,  pensions,  valuation  expenses, 
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and  other  expenses  that  are  not  chai>teable  to  s[H'cifip  operations, 
but  l)rltmB  to  alt  HepartmRnts  to  a  Rrester  or  lesg  degree. 

451.  Snlarien  and  Expenses  of  Genf.ra(  O^fficers.  The  chair- 
man of  the  board  of  directors,  the  president,  secretary,  treasurer, 
enmptrdller,  Auditor,  and  other  general  officers  are  chargeable  to 
this  account. 

462.  Salaries  and  Expenses  of  Clerks  awl  Allendanis. 

453.  General  Office  Supplieft  and  Erpensex. 

454.  Imw  Expen^efi.  The  general  legal  staff  belongs  to 
the  entire  road  and  naturally  is  chargeable  to  gtmeral  exponae-s. 
The  Bftlarips  of  the  generfil  counswl,  general  solicitor,  attor- 
neys and  the  expense  of  general  litigation  are  included  in  this 
account. 

455.  Insurance. 

456.  Relief  Department  Expenses. 

457.  Pensions. 

458.  Siotionary  and  Printing. 

459.  Valuation  Expenses.  The  Interstate  Commerce  Act 
requires  co-operation  on  the  part  of  carriers,  and  this  entails 
a  verj'  lanie  expense.  The  various  state  eomMii>isions  alsn 
require  many  rept>rt8  and  statements,  the  preparation  of  which 
involves  much  cost.  All  such  expenses  are  chained  to  this 
account. 

460.  Other  Expenses, 

461.  462.  Joint  Facilities— Dr.  arid  Cr. 

Vni.  Transportation  for  Investment — Cr.  This  group  of 
expenses  provides  for  the  tra-nsporlation  of  persons  or  materials 
engaged  in  construction  and  fair  allowances  for  such  trans- 
portation are  charged  thereto.  Amounts  credited  to  this  account 
arc  concurrently  charged  to  the  appropriate  property  investment 
accounts. 

Table  X  shows  the  per  cent  of  the  total  operating  expenses 
for  each  item  or  account  for  Class  I  roads.  Table  XI  shows 
similar  items  for  Class  II  roads  for  the  year  1914.* 


*N.D. — OwinK  to  the  inconi|>leten(!(W  of  the  ittatistirj)  under  the  1914 
rlanification,  Tuhlai  X  And  Xl  are  given  for  the  fiBcal  year  1914  nnd  npreaent 
the  1908  clauification. 
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^^r                                           Table  X 

ANAL)*SI8   OF   OPERATING    EXPENSES 

TOR   THE    YEAR    1914.                 | 

CLASS  I 

ROADS 

Account. 

Paa  Cut  or  Toru.  ejcrsKu*.                           1 

CuURI 

Southern 

Wntvrn 

VniUd 

Dial  net. 

Dbtrict. 

Oiatnct. 

Slate*. 

I.  Mainlenaiitt.  oj  Way  anii  Struetwts: 

1.  Superintendence-       ..,,.,..,. 

.852 

.929 

1.148 

.977 

2.  Balbut 

.325 

.41^5 

285 

.333 

3.  Tim 

2.717 

3. 135 

3  480 

3  074 

4.  Raib 

M79 

.913 

.734 

,875 

6.  Otlior  tmck  tnBteriut 

1 ,098 

.933 

-875 

067 

6.  Roadway  and  track   

5  802 

6  fm 

a  2ai 

0  846 

7.  RemovaJ  nf  «iiow,  sand,  etc .  .  ■ . 

413 

051 

.178 

.266 

^^^     8.  Tunnela      

039 

.058 

.064 

051 

^^^K    B.  Bridges,  treaUes,  eto 

1.416 

2.209 

1  792 

1  685 

^^^F  10.  Over  aiid  under  croflsings 

008 

052 

047 

071 

.302 

.243 

397 

329 

.003 

.001 

.051 

.021 

^M         13.  Signolfl  and  intcrlorkitiu  plant. . 

.840 

.295 

295 

546 

^1          H.  Telegraph  and  lelephoDP  lines.  . 

.254 

135 

206 

.217 

^M          15.  Ekxtric  powi^r  trunKitiissidn 

071 

.010 

.037 

^B         16.  Building,  Bxturea.  uud  gruundij. 

1  750 

1  609 

1.802 

1.747 

^M         17.  Docks  and  vharvea 

160 

,163 

1.37 

.152 

^M          IS.  RoadMray  took  and  supplim   .    - 

too 

258 

317 

.249 

^P         ]&.  In;uricii  to  |)er9otth 

-WW 

.150 

198 

.144 

^m         20.  Stationery  uud  |>nutiuK. 

-03« 

.«17 

.039 

.037 

.013 

.010 

.008 

.011 

^B        22.  Maint.  joint  tnu'Jca,  etc,  Dr. . , . 

.804 

.592 

701 

.773 

^M        23.  Maint.  joint  tracks,  etc.,  Cr.. . . 
V                  Total.  M.  of  W.  and  8 

.$41 

431 

.St9 

S6l 

17.707 

18.413 

20.448 

18.866 

^1      11.  MainlenatiM  of  EquipmenL' 

.704 

.713 

.701 

.704 

S.I55 

8  171 

8.223 

8,188 

^1         SB.  Steam  locoffiotivi-s,  nrncwals 

.172 

.102 

,073 

.132 

^B        37   Sleam  loromotn'ot,  depa'ciation 

L.092 

.974 

.972 

1.027 

^1         28.  Elit-trio  locornolivea,  repaint.. . . 

.073 

.006 

.036 

^M         2!^.  Ek-ctnc  locoiiiolivctt,  reuewalfl  . . 

^M        .10.  l':i<M<tni;  locomotives,  dcprec'n. . 

.022 

.005 

.012 

1.562 

1.498 

1.4S7 

i.sri 

^m        33.  Paasenger  cam,  nMicwak 

OKI 

.037 

.018 

.aw 

^M        33.  PaiiitenKU  cars.  d<-prt.-riaUon. . . . 

.281 

252 

.337 

.208 

^M         34.   Fr<>iKht  (^ant,  rrpaira 

0.093 

10.222 

7.101 

8.510 

.854 

.570 

.298 

.507 

H          3tt.  Fn'i|;hi  ran,  depreeinlioD 

2.015 

2  4B0 

1.789 

2.004 

H          37.  l-Jpi-lrii-  (rquipmeat  of  car^.  rep. 

.024 

.007 

.014 

^^         38.  ElRC.ef)Uipn>enlofcar«,  renewals 

K«l 
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] 

^^^^L                                   Aeeoaat 

Paa  Cvn  OP  Total  Expikass.                 1 

EuUm 

South«m 

WMt«r« 

Vaited 

^^^ 

DUtri«t. 

Divliict. 

IHiMriet. 

SUtM. 

^^^^          11.  Maintenance  of  Equipment  [am). 

^^^^H             39.  PIlcc.  (^quipmpnt.  nf  cars,  deprec. 

.014 

.001 

.007 

^^^^H            40.  Ftoalin];  equipinont,  repfiirs    ,  . 

.  0,54 

.024 

.041 

.044 

^^^^H             41.  Floating  i^quiptiiont,  rcitcwala. 

,002 

.005 

.003 

.003 

^^^^1             42.  I'loaling  cquipioeDt,  deprcc'n. .  . 

021 

.005 

.022 

.010 

^^^^H             43.  Work  equipment,  repairs.    .    .    . 

-186 

.204 

.280 

.228 

^^^^K             44.  \^'o^k  equipment,  rennwaU 

047 

027 

032 

038 

^^^^V             45.  Work  equipment,  depn-cistion.  . 

0.^>4 

.077 

.109 

.079 

.say 

.530 

.600 

.M6 

.037 

.004 

.018         ' 

.086 

.110 

.152 

.117        i 

.001 

.050 

.044 

.054 

.03* 

.020 

.014 

.025 

^^^H            51.  Maim,  joint,  cq.  at  tcr.,  Dr. .    . . 

.097 

.112 

.064 

.067 

^^^^^^^      62.  Maint.  joint  oq.  at  tex.,  Cr. ,       . 
^^^^^B              Tot&I  Maint.  af  equipment. . . 

.000 

.043 

Ot4 

044 

25.355 

27.216 

22  268 

24.311 

^K                 HI.  Traffui  SxpetiMt: 

.688 

.938 

.787 

.766 

.810 

1.251 

1.483 

I  137 

.208 

.300 

547 

370 

.004 

.265 

.095 
.199 

000 
.002 

071 

154 

.030 

.165 

no 

.082 

^^^H             so.  Statimuiry  and  printing _ . . 

.333 

.398 

.274 

320 

,004 

001 

009 

006 

2.462 

3.347 

3  281 

2. 914 

^^^^           IV,  Traiujuirliition  Expetuet: 

1.383 

1.178 

1.136 

1  266 

.048 
7.187 

.946 
7.034 

079 
6  462 

84fi 

6.886 

^^^H            64.  Weighing  and  car  «crv.  osans.  . . 

.061 

.203 

.160 

.117 

.266 

.034 

127 

176 

.642 

.476 

.534 

.574 

^^^H            07.  Vnrtl  nia-ftorH  and  ttieir  clerks.  . 

.999 

.807 

.661 

.860 

^^^H            68,  Vnrd  ronduclors  and  bntkcmeu 

3.441 

2.413 

2.268 

2.830 

^^^H            60.  Yard  switch  and  stg.  TciKlura. . .  . 

.310 

.112 

138 

213 

^^^H            70'  Vnrd  Buppliot«  and  expenses. .. . 

.109 

.075 

043 

079 

1.961 

1.461 

1.320 

1  037 

^^^H             72.  ICnginehouiap  rx|>cmvs~~yard. . . 

.644 

.419 

.543 

.624 

1.717 

1.181 

1  5S3 

1.570 

^^^H             74.  WatiT  ftM*  yuril  lommotivivi .  .  .  . 

,121 

.084 

100 

.100 

^^^H             76,  LubnnuitM  fur  viird  lu<<oim>l4Vc« 

.034 

027 

020 

.030 

^^^B            7U.  Other  suppliffi  fur  yard  lucoi . . . 

.041 

.033 

.028 

.03n 

m.        J 

B 

U 

^ 
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1                                            Table  X — Contimud 

^n^^^ 

AooouDl. 

Psa  Ciurr  nr  Totai.  ExrcMsca.                              1 

E««tern 
Outrjfli. 

Bauthem 
Didtnri. 

Wnlrra 
DiMficL 

rV*.    Trannportntian  ETpninni  {rtml.) 

77,  Opcr.  joiiil  yds,  and  t«r.,  Dr. 

78.  Opcr.  joint  yds.  and  ler.,  Cr. . 

1,399 

.901 

.081 

5.804 

1.687 

8.650 

.572 

.171 

.207 

.110 

.089 

6.397 

1.741 

.824 

.532 

.065 

.270 

.319 

.142 

.005 

.481 

.171 

1.316 

.013 

.166 

.034 

.906 

.327 

.889 

1.426 
.844 

6.293 

1.607 

8.232 

.561 

.185 

.191 

6  677 
1.661 
.201 
.174 
.052 
.320 
.262 
.054 

.449 
.091 

1  718 
.018 
.242 
.463 

1.650 

.164 

18S 

1  214 
.S4\ 
.029 

5  975 

1  829 
10.847 

.693 

in 

.171 
.020 
.019 

6  370 

2  MI 
.316 
.229 

039 
243 
.283 
,185 

.347 
094 

1,776 
.014 
.234 
.264 

1.541 
.282 
.8i9 

1.33? 

.793 

.048 

5.047 

1.T29 

9.423 

.617 

,175 

.191 

,058 

,048 

(t  415 

1  843 

.532 

.360 

040 

.267 

.206 

.145 

.002 

.426 

.129 

1.555 

.014 

.204 

.100 

1.223 

.284 

.8S7 

81.  Encioehouse  pxpeiuic»- -road  . . 

82.  Fuel  for  road  locomotives    .  , 

83.  Wat4!r  for  road  locooioUvca . .  . 

84.  Ijjbrir&nk)  for  rwid  locoe 

85.  Other  mippUes  for  road  locoe.  . 

86.  Operating  power  pkala 

89.  Tmtn  supplies  and  expenses.  , . 
^           DO.  luterlockent  and  block  sig.  op. . 
^m           91.  CrondnR  dngmen  and  gati^men 
^B           92.  Drnvbhilt^f  oporation 

^^^^  M.  Telegraph  and  tdeiihone  oper. 
^^^B'  96.  Operating  floating  cquipnicnt. 

^^^^  OS.  Other  expeoMs 

^M         00.  Lose  and  damage— freight.  -  -  - 
H         100.  LoM  and  dnnuige — baggage.  .  . 

H         102.  Damage  to  stock  on  R.  of  W . . 

H        104.  Op.  jt.  tracks  and  fuc,  Dr. . . . 

H                     Tuiul  TransiKirtatioo  Kxp. . . 
H     V,  General  Bxpen*ejt: 
■          106.  8iUari«s  of  general  officers.    .  , 
^ft         107.  Salaries  and  expcnM.ti  of  rierks 
H        108.  Gmual  offic«  nppUea  and  txp. 

51.032 

.414 
1.461 
.178 
.442 
.310 
.058 
.255 
.148 
.045 
111 

ogo 

48.144 

.404 
1.460 

.156 
810 
365 
015 

.093 
XTi 

.110 

.166 

,u:w 

50.026 

.556 
1.685 
.195 
.610 
,393 
012 
.111 
.108 
.100 
.117 
.042 
.01 1 

50.103 

.481 

1.543 

.182 

.564 

360 

034 

174 

189 

.078 

.122 

.046 

OtS 

^L        111.  Keticf  d'-'portineat  expenses. .  . 

^M        113,  StAtionery  and  printing 

^1          113}.   Valuation  i.-x|W'iL-<on 

^1        115.  Gen.  admin.  )oint  fae.,  Ur. . .  . 
H                    Total  Geoeral  Expenses 

3  444 

3,880 

3,077 

3.717 

L.                J 

^^ft                                                  Table  XI                                                 1 

^^m           ANALYSIS  OF  OPERATING  EXPENSES  FOR  TTTR  YEAR  1914          1 
^^B                                                 CLASS  II  ROADS                                                1 

Pkr  Ckwt  or  ToTJU.  EzraMsm.                 1 

District 

3outbrm 
Distrkt 

Wf<at«rn 

DUlrict. 

United 

Bwtes. 

^^                 I.  Mainlennncc  of  Way  and  •Stntclurea: 

^^^^m               1.  Superintendence 

^^^B            2.  Maint.  uf  roadway  and  track.    . 
^^^B              3.  Maint.  of  trapk  ntnictiirci).   .    . . 
^^^^1              4.  Mninl.  bld^.,  ducke.  whurvca.  . 

^^^H              5.  Injuries  to  personn 

^^^H              6.  Olhfr  m.  of  w.  and  s.  cxp&nD&q. . 

^^^^I             8.  Miiiut.  joint  fadliliwi,  Cr 

^^^^HK             Total  Maint.  W.  and  H,  Exp. 

^M                II.  Afaintcnance  of  Etfuipmcnt: 

1,187 
17  868 

3.902 

1.585 
.049 
.289 
.631 

S.0i7 

1.214 

18,159 

3  948 

1.096 

.127 

.442 

.387 

.sea 

1.342 

20.443 

4.029 

1.588 

.141 

.738 

.822 

.788 

1.268 

19.182 

3.972 

1.500 

.lOS 

.536 

.681 

22  4fi4 

.825 

5,940 

0.613 

.012 

.103 

.330 

4.688 

.036 

.635 

.010 

.Oft? 

2  ,M5 

1.224 

6  097 

7.290 

.033 

.182 

.683 

2.G02 

.049 

.663 

.049 

.ooe 

28.315 

.985 

6.474 

5.862 

.052 

.267 

.516 

3.602 

.097 

618 

,051 

.105 

25.753 

.974 

6.230 

7.331 

.036 

.197 

.483 

3.7S6 

.066 

.631 

.037 

.0S9 

^^^^H            12.  FtoRtinK  equipment,  repairs. . . . 

^^^H            13.  Work  equipment,  repairs 

^^^H            14.  Equipment,  rencwaU 

^^^H            17.  Other  mAint.  of  equip,  exp 

^^^H             18.  Maint.  joint  oqiiip.  at  tor.,  Dr.  . 
^^^H             19.  Matnt.  joint  equip  at  ter.,  Cr. . . 

^^^"                       Total  Maint.  Equip,  of  Exp.  . 

H                 III.  Trf\ftc  Expema: 

22.070 

1.83S 

2  30fi 
7.097 
1.217 
2.28K 
1.473 
.627 

i.Q:» 

6  282 

10.447 

3.290 

18.872 
3.193 

2.172 

6.721 
.556 
.752 
.800 
.185 

1.820 
.200 

0.055 
n .  125 

2.216 

18.410 
2  328 

2  010 
7  119 

.825 
1 .  515 
1  371 
430 
l.'i26 
1401 
5  684 
11  731 

3  039 

19.714 

2.317 

2.138 
7  340 

.906 
1.637 
1.303 

.419 
i  266 

.971 

5  949 

11.196 

a. 979 

^M               IV.  Trans jiarlatum  Expenses: 
^^^H            21.  Sup.  and  dispatchinfi  truiu.  .  . . 

^^^B           27.  Op.  joint  yards  and  term.,  Dr.  . 
^^^H           28,  Op.  joint  yards  and  tcrui.,  Cr.  . 
^^^H           29.  Road  enfcinempn  and  motormen. 

^^^^            31 .  Other  road  loco.  sup.  and  exp. . . 

^ 

^ 

^ 

^ 

TRAFFIC  UNIT  OF  OPERATING  EXPENSES 
Table  XT— Continued 
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PsB  Cmr  or  TotjlL  Exnsyts*. 

AcOOUDt. 

EaM«rn 
Dlitri«C. 

Southern 
District. 

DUtrict. 

UDit«d 

SUM*. 

IV — Traufpttrtalimi  Ezpciiws — Con. 

7.574 

1  137 
1.003 

.560 
.433 

2  493 
.567 

1.594 

6.306 
.845 

2.037 
.868 

1.046 

1  208 
.262 

.we 

6.127 
1.190 
.740 
.638 
.691 
l.(M9 
.490 
.S70 

6.640 

33.  Train  mippUcvi  nod  expentieA. 

34.  Injuriee  to  persona 

1  114 

1.001 

.048 

.668 

37.  Alt  other  triiJiHiKirtAtion  exp..  .  . 
3S.  Ot>cr.  jt.  Irucks  and  facil.,  Dr.   , 
39.  Oper.  jt.  tracks  aad  facil.,  Cr.. 

1.557 
.472 

.750 

Total  Tranfiportation  Ex\). . . 
V.  Generai  Erpenaea: 

48. 356 

4.643 
.457 
.470 
.003 

.1198 

44.571 

6.920 
.817 
.717 
.077 

.on 

44-107 

5.626 
.770 

.613 
.040 

.tts 

45603 
5.529 

.G&l 

43.  Other  general  cxpeoMs 

43.  Geo.  admin,  jt.  tracks,  etc.,  Dr. 

44.  Gen.  adrain.  jt.  tracks,  etc.,  Cr. 

.535 
.034 
.169 

^          Tutal  Ccocral  Exrwuiacs 

6.27fi 

8.519 

6.831 

6.613 

Traffic  TTnit  of  Operating  Expenses.  In  analyzing  opemting 
expenses  of  railrouds,  it  is  noeeswiry  to  use  some  unit  of  operation 
or  traffic  as  a  l)asis  For  such  analysis.  There  is  no  elemental 
traffir  unit  thai  may  l)e  chospn  ro  that  oi^mtirig  expenses  varj 
direflly  as  tlie  nutnl)er  of  sui^h  units,  honre,  one  must  l»e  selected 
that  most  nearly  ajmwers  the  requirements.  The  train-mile 
has  been  generally  UHcd  as  such  a  unit  of  expense  and  on  the  whole 
is  perhaps  the  most  salisfaciory  of  those  proposjcd,  although 
total  operating  expenses  do  not  vary  in  direct  proportion  to 
the  train  iiiilf.s  hy  any  nu'ans,  and  in  fact,  probably  none  of  the 
items  varj*  directly  as  the  tniin  mileage.  The  train  is  essciilially 
the  unit  of  operation,  but  the  expenses  incident  to  ite  movement 
dn  not  vary  with  Uie  milciige.  The  ear-mile  and  the  ton-mik* 
have  l»een  used  t^>  a  limited  extent  for  particular  purposes,  but 
the  traiu>milc  is  ahuost  universally  adopted  as  the  general  unit 
of  expense. 

So  far  B8  maintenance  of  way  and  structures  is  concerned, 
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a  number  of  iiniis  have  been  propoaeH  and  iiaed  to  a  greater  or 
Irss  extent,  a  few  of  which  will  be  mentioned. 

The  train-mi!c  has  been  most  Roncrally  used  in  the  past,  but 
it  is  illogit-al  i)ecaufle  of  its  variableness  in  weight,  speed,  condi- 
tion of  equipment,  etc. 

The  enginc-inile  bus  been  proposed  and  used  to  a  certain  extent 
in  recent  years,  licing  the  unit  contained  in  the  *'  Oklahoma 
Formula  "  (See  Chapter  VII).  The  weight  of  the  engine  is  of 
course  a  measure  of  the  train  load  and  of  the  speed  that  ean 
be  maintained  over  the  division,  but  it  is  doubtful  if  the 
scheme  will  have  general  acceptance.  This  unit  would  result 
in  assigning  a  larger  proportion  of  the  wear  to  passenger 
traffic. 

The  gross  ton-mile  has  lx?cn  used  to  a  considerable  extent, 
being  generally  favored  by  the  various  state  commissions,  and  it 
aeeras  to  Ije  more  Ic^cally  supported  by  the  evidence  available 
than  perhaps  any  of  the  others.  It  combines  simpUcity  with  at 
leaat  a  reasonable  reliability  and  bids  fair  to  be  the  one  must 
generally  accepted  in  the  future. 

The  cquivaknt  ton-mile  has  l)ccn  proposed  in  which  the  tonnage. 
of  all  traffic  and  of  the  locoiuot  ives  us  rated  in  terms  of  a  common 
unit.  The  ratios  proposed  by  the  Committee  of  the  Am.  Ry. 
Eng.  Aw*ii..*  l>nt  not  accepted  arc, 

Freight  ton-mile 1 

Passenger  ton-milo -4C  / 

Freight  locomotive  ton-mile 2 

Passenger  locomotive  ton-mile J^  _3 

While  an  equivalent  tonnage  rating  may  be  the  most  desirable, 
the  ratios  would  need  to  be  deteniiined  by  very  careful  investi- 
gation and  study.  In  the  celehrated  Buel  vs.  C.  M.  &  St.  P.  Hy. 
caae  Ijofore  the  Wisconsin  Kaih'oad  Commission,  the  following 
arguments  were  aubmitted  to  show  that  passenger  traffic  docs 
not  do  greater  harm  per  ton  to  way  and  structures  thai>  does 
freight  tniffic; 

1.  Those  roada  like  the  I^^high  Valley,  I^ackawaima,  A>Tiecling 
and  Lake  Erie,  Duluth  and  Iron  Range,  Missabe  and  Northern, 


•  Proc.,  Vol.  XIV,  !►.  680. 


maintenance 
coeU  por  train-nu!e  as  those  roads  that-  rarrj'  lan;cly  passenger 
traffic,  such  as  the  New  York  (Vtitral  und  Hudson  Hivcr,  the 
New  York,  New  Havf^ri  and  Harl.rdcd. 

2.  The  wear  of  wheel  tread  JK  a  inea-suic  of  the  wear  of  raflfl 
and  it  is  found  that  the  wear  on  drivers  is  not  less  rapid  ou  freight 
than  on  paj^sengcr  hx'oniiitivcs  ;ind  the  wear  on  drivers  does  not 
increase  with  the  speed. 

Eveo'thing  considered,  it  seems  that  Uie  gross  ton-mile  is 
probably  the  most  rational  traffic  unit  of  wear  on  way  and  struc- 
tures, and  the  train-mile  the  most  acceptable  general  unit  of 
operating  expense's. 

Analysis  of  Maintenance  of  Way  and  Structures  Expenses. 
The  design  of  a  railway  location  depends  chiefly  upon  main 
track  cundiliouH  so  far  as  maintenance  of  way  and  structures 
exptenses  are  concerned.  These  expenses  are  dependent  mainly 
upon  two  factors,  viz.,  time  and  traffic.  KustinK  and  rotting 
are  time  prncessses  and  are  fairly  constant,  while  wear  is  the 
I  result  of  traffic.    On  the  basis  of  the  assumed  relations  mentioned 

^in  the  preceding  paragraph,  the  (^onunittee  of  the  Am.  Ry.  Eng. 
Assn.  plotted  all  data  available  for  the  chief  accounts  of  this 
group,  from  wliich  average  curves  give  the  following  formulas 
for  costs  in  dollars  per  mile  for  main  track  only: 


b 


Superintendence 18-i-8M 

Rail IIM 

Ti€« 

Other  track  material lOM 

Roadway  and  Track 200+49M 

Buildings 10+24M 

Roadway  Tools 5-t-2M 


where  M  equals  million  equivalent  ton-miles  of  traffic.  The 
equivalent  ton-mileage  of  locomotives  is  about  20  to  30  per  cent 
of  the  total  train  ton-mileage  for  freight  traffic  and  alx>ut  40  to 
50  per  cent  for  passenger. 

With  reganl  to  the  rclati\'e  cost  of  sidings  and  main  track, 
the  above  Committee  reports  the  following  conclusions  from  its 
studies  as  the  ratio  between  the  cost  of  maintaining  one  mile 
of  sitUngs  to  that  of  one  mile  of  main  track: 
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Ratio. 


Superintendence I 

Ballast 1 

Ties 1 

Rails 1 

Other  trat^k  material 1 

Roadway  and  track 1 

Roadway  tools,  etc 1 
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Pia.  7.— Operating  Pjtpon««  per  Trftin-Mile  in  the  United  States 

It  IB  stated  that  the  above  ratios  arc  not  valid  for  territory 
that  is  densely  built  up  with  mints  or  manufactures,  where 
the  miloiipo  <»f  side  trarjcft  Ik  (^xn-odirinly  large. 

Operating  Expenses  per  Train-Mile.  The  tendency  of  operat- 
ing expenses  has  Iwen  to  increase  per  train-mile  liecauBC  of  the 
higher  price  of  labor,  matt'rials,  fuel  and  other  items.  The 
reports  of  the  Int<^r»tate  C'lnnnierce  Coniiniiisioa  give  data  from 
which  the  curve  of  Fig.  7  was  plotted.  However,  a  study  of 
statistics  shows  that  the  cost  ^kt  train-mile  is  fairly  uniform  for 
different  roads  of  (lie  Bami'  i-Iasw  in  the  varirms  partw  of  the  country. 
The  operating  expensea  for  all  rouda  of  the  United  States  for 
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rl914  was  S1.7G0  per  train-mile.  The  opcratinR  expenses  for  the 
rollowing  Class  I  railn)a(ls  iiitlicalo  thai  the  uvi-nign  is  fairly 
close  to  the  amount  for  any  road  having  the  ordinary  traffic: 

N.  Y.  C.  &H.  R SI. 81 

C.B.&Q 1.74 

Penna 2.24 

C.AN.W 1  53 

Southern ^ 1.44 

C,  R.  I.  &P 1.45 

Mo.  Pac 1.89 

A..  T.  &.  aF. 1.72 

ni.  Cent 1.59 

C,  M.  <fe  St.  P 1  58 

Sraalt  roads  vary  considerably  from  these  averagiw,  being  some- 
what loss  generally  and  lacking  in  uniformity,  as  shown  by  the 
following  examples  of  Cla.sH  II  roads: 

Buffalo  &  Susquehanna $1 .63 

Chic.  &  111.  Midland 2.07 

Dayton  &  Union 81 

Zaneaville  &  Western 2.51 

Ga.  AFla 1.04 

Tacoma  Eastern 2  23 

Wichita  Valley 1 .32 

Texas  &  Gulf 1.87 

San  Joaquin 3.51 

The  fuIlowinK  figures  show  the  variation  in  o|>era(inK  expcnaca 
in  the  rliffereni  parts  of  the  United  States  for  the  different  classes 
of  railroads  for  the  year  1912: 


In  general,  operating  expenses  are  higher  on  eastern  and 
western  roads  than  on  southern,  due  chiefly  to  high  class  of  labor 
employed  on  the  former. 
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Ooerating  Expenses  per  Ton-Mile.  Complete  data  are  not 
available  for  tletertiiininK  the  cost  per  ton-mile  of  both  freight 
and  passenger  traffic  and  even  \ess  information  is  available  con- 
cerning the  cost  of  each  per  ton-mile.  However,  assuming  the 
average  weight  of  a  passenger  coach  as  70  tons,  the  average  coet 
per  ton-mile  in  tlie  United  States  lias  been  aa  follows  for  the  gross 

weight  of  trains: 

Cents 
per  ton-mile 

1913 26 

1912 26 

1911 26 

1910 25 


Approximately  one-fourth  of  this  total  ton-raileage  is  passenger 
and  three-fourths  freight.  The  data  at  hand  point  to  the  fact 
that  tlie  cost  per  ton-mile  in  fairly  constant  reganlle-es  of  increase 
in  prices  and  of  general  operating  expenses.  This  is  chiefly  due 
probably  to  heavier  train  load  and  economies  ciTectcd  in  opera- 
tion. 

Taxes.  While  taxes  are  not  strictly  included  lo  operating 
expenww,  Ihey  are  commHnly  listed  with  them.  The  basis 
on  which  taxes  are  assessed  differs  in  the  various  states,  the  par 
value  of  stocks  and  bonds  being  used  in  some  cases  and  the 
total  capital  stock  in  others,  and  still  other  assessment  valuations 
in  other  states.  They  vary  from  $101  in  South  Dakota  to 
$2047  per  mile  in  New  Jersey,  and  constitute  approximately 
4.2  per  cent  of  earnings.  The  average  rate  of  assessment  is 
approximately  74  cents  per  $100. 

Taxes  are  assessed  in  most  states  on  the  value  of  real  and 
personal  property  chiefly,  although  Wyoming  is  the  only  state 
where  such  is  tiie  only  basis  of  taxation.  The  following  table 
indicates  the  practice  in  most  states  where  taxes  are  not  leWed 
chiefly  on  real  or  personal  property. 
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Table  XII 
BASIS  OF  TAXATION  OF  RAILWAYS 


8uta. 

Rul  *nd 
Personkl 

Prop. 

Stocka  and 
Bonda. 

EftrniDgs. 

Traffic. 

Miscella- 
neou*. 

Ctmnecticut .  .  .  . 

7.3 

91.8 

0.9 

Delaware 

30.5 

0.8 

68.2 

0.5 

nitnniR 

77.2 

21.6 

1.2 

73.0 

23.5 

3.5 

Mainp. 

16.3 

81.8 

1.9 

Maryland 

27.0 

59.6 

13.5 

Maasachuaetts  . . 

46.6 

49.1 

0.4 

3.9 

Minnesota 

0.9 

98.6 

0.5 

MisaiflBippi 

89.3 

10.7 

0.1 

79.3 

12.1 

6.2 

0.6 

1.8 

Ohio 

69.8 

27.7 

3.3 

Pennsylvania.  . . 

12.1 

68.0 

15.9 

3.9 

Texas 

80.6 
2.3 

19.0 
0.7 

0.2 
95.0 

0  1 

Vermont 

2.0 

73.1 

0.1 

26.7 

0.1 

87.9 

12.1 

Diet.  CkUumbia. . 

74.8 

25.2 

CHAPTER  VII 
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Basis  of  Rates.  Two  difTerent  principlffi*  underlie  the  making 
of  the  rales  that  are  charged  by  any  corporation,  viz.,  (1)  the 
oommcreial  and  (2)  the  scientific,  so  called.  Commercial  rates 
are  dependent  in  a  email  degree  on  the  cost  of  production  and 
upon  the  value  of  the  scr^-icc  to  the  patrons,  the  whole  being 
modified  and  finall}*  determined  chiefly  by  competition  in  one 
form  or  another.  Commercial  Bxing  of  rates  appUes  in  practically 
all  cases  where  the  service  is  competitive.  Tlie  scientific  method 
of  fixing  rates,  as  it  is  commonly  designated,  is  apphcable  where 
the  service  Ls  monopolistic  rather  than  competitive.  It  is  based 
on  the  idea  llmt  the  rate  .shuuld  be  such  as  to  pay  operating 
expenses,  all  fixed  and  overhead  charges,  and  diiidends  on  capi- 
tal stock.  The  method  is  applicable  in  determining  monopol- 
istic rates,  such  as  water,  ga»,  power,  etc.,  in  cities,  but  cannot 
be  directly  appUcd  in  determining  railroad  rates,  although  some 
have  contended  that  it  can  be  so  applied. 

Railways,  as  has  been  seen,  are  quasi  pubUc  or  semi-public 
corporations.  To  the  extent  that  they  arc  private  cor)K>rations 
they  may  fix  rates  with  due  regard  to  the  interesli*  of  the  stock- 
boldeis,  but  in  so  far  as  they  are  public  corporal  ions,  their  prioiary 
aim  is  to  serve  the  pubUc  rather  than  the  stockholders.  Rail* 
way  rates  have  grown  up  to  a  system  from  entirely  unnlated 
and  disconnected  o(KTation.s,  aii<l  to  understand  the  rate  struc- 
ture of  the  United  States  it  is  necessary  to  study  the  history  of 
rate  making  as  well  as  the  existinj;  status,  but  to  do  so  would 
be  entirely  lx>!yond  the  province  of  these  brief  paragraphs.  How- 
ever, a  locating  engineer,  in  order  to  design  an  economical  trans- 
portation plant  tlmt  will  produce  maximum  revenues,  should  be 
familiar  with  the  esiwntial  principles  of  rate  making  and  an 
extended  study  in  this  direction  would  l>e  profitable.  In  general, 
it  may  be  stated,  rates  between  controUinp  competitive  points 
are  now  established  and  new  rates  arc  determmed  in  accordance 
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with  these.  The  existing  rates  arc  not  the  result  of  any  logical 
determination,  but  represetil  the  product  of  coniprumise  and 
competition  and  lopislative  enacinient  to  a  considerable  extent. 

Relation  to  Commerce.  In  the  complex  organization  of 
society,  transportation  charges  enter  very  largely  int«  tlie  price 
of  almost  everj*  commodity  used,  and  for  this  reason  also  the 
interest^!  of  railroads  are  very  closely  relatwl  to  those  of  the  public. 
The  exte-nt  to  which  freight  charges  affect  retail  prices  depends, 
of  course,  upon  the  nature  of  the  commodity,  varying  from  per- 
haps 30  per  cent  in  the  ca^se  of  certain  ixrisliable  commodities 
to  les8  than  I  per  cent  for  those  items  which  do  not  require 
special  care  in  bandUng. 

The  railroads  facilitate  commerce  by  affording  a  method  of 
transporting  commodities  at  a  low  cost.  Most  of  the  freight 
traffic  of  railroads  arises  from  conmierce,  that  is.  the  conveyance 
<rf  commodities  from  one  place  to  another  is  accompanied  by  a 
tinnafcr  of  ownership,  the  consignor  usually  being  a  vendor  and 
the  conaiKiiee  a  vendee.  By  extending  the  market  for  Helling  and 
by  enlarging  the  opportunities  for  buying,  railroads  contribute 
to  the  commercial  activities  of  society.  The  marked  impetus 
given  to  agricultural  pursuits  of  Ihe  central  states  by  the  com- 
pletion of  the  Eric  Canal  and  by  the  building  of  railroad  outlets 
to  the  Atlantic  Coast  are  illustrations  of  this  fact. 

Reasonable  Rates.  The  Interstate  Coiiuneree  .\ct  pre* 
iln's  thai  rales  nmst  be  reasonable,  which  at  best  is  a  rather 
indefinite  requiremejit.  However,  a  rate  woidd  hanlly  be  held 
to  bo  reasonable  or  logical  unless  it  was  base<l,  in  a  general  way 
at  l«ast,  uixm  (h)  the  ciwt  uf  the  service  and  {b)  the  value  of  the 
service  to  the  patron. 

The  cost  of  the  service  has  Ix'en  diseufued  somewhat  at 
length  in  Chapter  VI,  and  it  may  be  sunmiarizod  here  by  stating 
that  it  depi^nds  upon  (a)  the  projwr  lion  ate  part  of  the  oiH*raling 
nses  chargeable  to  thai  service  and  {h)  the  proportionate 
of  fixed  charges.  Itate^  should  meet  these  coets,  which  is 
another  way  uf  saying  that  they  should  bring  a  fair  return  upon 
the  capital  invested  after  paying  op^miting  expenses.  In  Chapter 
1\,  the  methods  of  arriving  at  a  fair  valuation  of  railway  prop- 
erty are  discussed  and  in  Chapter  VI  the  cost  of  operation 
is  rather  briefly  outlined.    It  is  entirely  impossible  to  ascertain 

coet  of  transportiug  any  particular  commodity. 
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Tho  value  of  the  semce,  also,  is  extremely  variable.  Where 
trans[>ortat  ion  is  accompanied  by  a  sale,  the  value  of  the  trans- 
portation ia  equal  to  the  enhance*!  value  of  the  eommcHlity, 
although  this  is  not  easily  determined.  In  any  case,  the  added 
value  in  a  faiily  definite  way  limits  the  rate.  In  (leneral.  charg- 
ing ichai  the  iTtiffic  will  hear,  as  in  tlie  custom,  in  applying  the  prin- 
ciple of  value  of  service  rendered.  Revenue  must  he  obtained 
where  revenue  is  io  be  had.  Different  Rrades  of  roikIh  must 
necessarily  pay  different  rate.^  for  the  name  traiiKportation  ser- 
vice because  of  their  difference  in  ability  to  pay.  Cheap  Koods 
will  not  justify  an  high  rates  as  more  expensive  articles;  cheap 
bulky  articles  can  be  obtained  for  transportation  only  ut  low 
rates.  Coal,  ore,  grain,  lumber,  etc.,  cannot  bear  as  high  trans- 
portation charges  as  drj*  g<MHt.s,  fine  hardware,  p<ircelain  ware, 
musical  instruments,  etc.  From  the  railroad's  point  of  view 
any  traffic  that  yields  a  profit  above  the  actual  cost  of  transpor- 
tation is  desirable,  even  tliough  if  all  traffic  were  conducted  at 
similar  rates  ruin  would  result.  From  these  consider  at  ions,  the 
following  deiluctions  may  be  made: 

(1)  Cheap  and  bulky  articles  pay  little,  but  necessarily 
Hometliing  alxjve  the  actual  cost  of  moving  them.  Such  artieles 
do  not  pay  their  proportionate  share  of  fixed  charges. 

(2)  Commodities  of  medium  bulk  and  value  pay  the  ex[)eii.se 
of  their  moving  and  their  proportional  share  of  capital  charges 
but  nothing  more. 

(3)  Articles  of  small  bulk  and  high  value  pay  their  share  of 
operating  and  fixed  charges  and  yield  a  high  profit  in  addition. 

(4)  Short-distance  rates  are,  in  general,  somewhat  higher  in 
proportion  than  long-distance  rates. 

If  traffic  is  charged  m<tre  than  the  value  of  the  service,  there 
will  1)0  no  shipmeuts;  if  all  the  service  is  worth,  there  will  be  no 
inducement  to  make  KliiiHiients;  but  if  Icbs,  sliipmeuts  will  Iw 
made. 

Distribution  of  Operating  Expense  to  Different  Classes  of 
7Service.  In  attempting  to  aKi-ertain  the  cost  of  any  particular 
'  branch  of  railroad  sen'ici*,  it  is  nccesaary  U)  apiwrtion  tho  coet 
of  operation  and  of  fixwl  eliargcH  proiM-rly  iN'longing  to  that  braDch 
of  service.  Under  tho  present  aceounting  system  required  by 
the  Interstate  Coramcrcc  Conmiinsion,  the  expenses  pertaining 
to  any  branch  arc  kept  hcparale  wj  f ar  as  practicable,  approxi- 


matcly  three-fourths  of  the  total  expenses  being  distinctly 
separated  in  this  manner.  The  first  group  of  operuting  expenses, 
Mainteuaiice  of  Way  and  Structures,  however,  is  composed 
of  items  that,  with  the  information  at  present  available,  are 
almost  inseparable  with  respect  to  the  branches  of  service.  On 
the  other  hand,  tho  other  groups  of  expenses  are  differentiated 
with  a  fair  degree  of  accuracy,  particularly  as  regards  the  two 
main  branches  of  service,  viz.,  freiglit  and  passenger.  The  Rail- 
road Commission  of  Wisconsin  was  one  of  the  6rst  to  attempt  a 
separation  of  the  accounts  with  a  view  to  asccrtniniug  the  actual 
cost  of  each  branch  of  the  service.  In  the  celehrat^fd  Buell 
V8,  C.  M.  A  St.  P,  Uy.,  the  operating  expenses,  after  an  exhaustive 
atudy,  were  allocated  as  follows  for  Wisconsin: 


I 


PrDichl.  P«r  Cm. 

rMaeof  «r,  f  «r  Cvnl. 

MatDteaanee  of  Way  uiid  Structurt-a . 

8.38 
13  06 
40  30 

6.26 

58.00 

8.34 

3.90 

16  66 

3  to 

ToUl 

32.00 

The  chief  contention,  as  stated  above,  gathers  around  the 
first  group  of  expenses.  The  fundamental  conception  is  to  dis- 
tribute inaiut^'nance  of  way  rxiK'nsc^  acronling  to  the  use  of 
the  track.  Immediately  two  questions  arise,  the  second  being 
dependent  upon  the  first.  In  the  first  place,  what  are  the  relative 
effects  of  freight  and  passenger  traffic  and,  in  the  second,  what 
shall  be  taken  as  the  tralFic  unit  of  use? 

The  Pennsylvania  Railroad  was  one  of  the  first  to  begin  the 
study  of  this  perplexing  question  and  that  company  worked  out 
B  scheme  basetl  on  the  revenue  train-mile  as  the  unit  of  use, 
except  for  electric  power  tmnsmission  and  docks  and  wharves. 
The  ubjection  to  this  plan  is  that  it  rests  on  the  assumption  that 
passenger  trains  and  freight  trains  cause  the  same  damage  to 
way  and  structurej*  per  train-mile.  Maintenance  of  equipment 
wa.s  allocated  in  the  Pennsylvania  scheme  according  to  observed 
facts  so  far  as  possible  and  otiicrwise  according  to  revenue  train 
mileage. 

The  Oklahoma  Railroad  Commission  in  1924  made  a  study  of 
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the  divifuon  of  maiDt«nance  of  way  expenses  on  the  assumpiion 
that  a  considerable  portion  of  such  expenses  varied  with  the 
traffic  and  would  be  discernible  by  observation.  Four  bases  of 
diinsion  were  tried,  viz.,  (1)  a  revenue  train-mile  basis,  (2)  a 
speed  ton-raile  basis,  using  the  average  speed  between  stations, 
which  in  effect  made  the  ton-inile  per  hour  the  unit  of  use,  (3) 
an  engine  ton-mileage  basis,  the  weight  of  the  engine  including 
the  weight  of  the  tender  loaded,  (4)  the  basis  of  assiRnablc  line 
p^Ypensf^s,  such  as  repairs  lu  equipment,  road  cnginemen's  w'ages, 
etc.  This  last  method  was  called  the  Cost  Accounting  Method. 
After  considerable  investigation,  the  Commission  gave  up  all 
four  of  these  methods  and  adopted  a  division  of  expense  on  the 
basis  of  engine-mileage.  The  expenses  in  connection  with  main- 
tenance of  pcjuipment  that  are  not  <lirectly  assignable  are  appor- 
tioned according  to  the  Cost  Accounting  Method  or  according  to 
the  miles  run.  Transportation  expenses  are  asaigmnl  directly  as 
far  as  possible  and  rommon  expenses  are  apportioned  according 
to  the  assignable  expen.ses,  i.e.,  according  to  the  Cost  Accounting 
Method.  Tliis  scheme  is  cnmmunly  known  as  the  "  Oklahoma 
Formula,"  *  and  its  essential  features  arc  that  the  unassign- 
able nmintenanci;  expenses  arc  apfwrtioned  according  to  t.ho 
engine  mileage  and  other  unassignable  expenses  in  general  are 
altocate<i  in  proportion  to  (lie  items  directly  a.s.signable.  The 
"  Oklahoma  Formula  "  attempts  to  separate  the  ex|>enses  of 
freight  and  passenger  service,  line  and  terminal  scr\-ice,  and 
interstate  and  intrastate  facihlies.  Its  present  status,  however, 
docs  not  waiTant  a  more  complete  exposition  at  this  time. 

Another  method  of  allocating  maintenance  of  way  expenses, 
and  one  that  is  generally  favored  by  the  state  commissions,  is 
a.<<signtng  such  expenses  according  to  gross  ton^mileage.  Many 
claim  that  the  damage  done  to  track  and  structures  is  essentially 
in  pro[K)rti(m  to  the  tonnage  and  that  the  eflfect  is  about  the 
same  for  a  ton  of  freight  locomotive,  pa.«wenger  loconioiive,  freight 
car  or  pas.sengcr  coach.  Some  expi^i  iments  made  by  the  author 
seem  to  support,  this  view.t  The  inferior  condition  of  wheels 
and  equipment  generally  in  freight  traffic  appears  to  counter- 
balance any  efTecls  due  to  high  s]H-i-d  of  pu:^st'llgc^  trains.  The 
special  cummiltee  of  the  American  lUulway  Fngine<^ring  Assucia- 

•  ftaihraj/  Agt  OtmVt.  July  3,  U\  nml  24,  1914. 
t  Itadwtiif  Ag9  Ooulf  July  10,  1916. 
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tion  on  RtrRBsna  in  Track  rpport^Kl  in  1916  tliat  their  cxperimenta 
indicated  an  increase  in  track  stresses  with  the  speed  at  the  rale 
of  about  0.75  p»cr  cent  for  each  uiile  iier  hour  above  5  miles  per 
hour. 

Obviously  not  al)  maintenance  of  way  and  structures  ex- 
penses are  chargeable  in  proportiun  to  units  of  traffic.  A  large 
percentage  including  those  involved  in  keeping  up  grounds, 
slopes,  right  of  way  fences,  sigus,  etc.,  is  iudepeiKleiit  of  the 
traffic  carried.  In  fact,  nf  the  entire  accD\int  of  maintenance  of 
way  and  structures  constituting  18.87  per  cent  of  the  total  in 
1914,  only  a  few  of  the  ittrtiis  are  affected  at  all  by  tlie  traffic 
and  some  of  these  but  slightly,  as  indicated  in  Table  XIll. 


Table  XIII 


PROPORTION 

OF  M.  OF  W.  AXD  STRUCT. 
BY   TUAKKIC 

AFFECTED 

Hem. 

Av.  P«r  rant,  1DI4. 

Piaportlon  Afleebxl. 

Per  crnt  AffpeUHl 
by  Tnffle. 

B^ll<"^ 

33 
3  07 

.Hti 

99 

6  85 

I  m 

.14 

73 

.50 
.90 
.90 
.50 
50 
1.00 

24 

^;.:::::::::: 

1.53 

.72 

Ocber  track  mat. 
Roadway  and  track 

Bnctges,  etc - . 

iBjuhos  (o  persona. . 

.90 

3  42 

.85 

.14 

7-80 

TheflC  results  would  indicate  that  7.80  18.87  or  41.5  per  cent  of 
maint-enance  of  way  and  structures  expenses  varies  with  tho 
traffic.  For  these  expenses  that  vary  with  the  trufiic,  the  gros» 
ton-mile  is  perhaps  the  most  satisfactory  unit  of  traffic  for  the 
allocation  of  expense  between  the  classes  of  service. 

Freight  Classificatioas.  Owing  to  the  fact  that  some  goods 
cOBt  more  to  hatulU'  thuji  others  and  the  value  of  the  service 
rendered  is  greater  iu  some  instances  than  in  others,  it  is  con- 
venient and  almost  a  matter  of  necessity  to  classify  articles  in 
order  appropriately  to  determine  the  rates  to  be  charged.  Ob- 
vioualy,  the  whole  question  of  rates  is  iiuM'pambly  bmmd  up  with 
the  classification  of  comiiHxlitics;  in  fact,  a  Urge  proportion  of 
the  complaints  cbargmg  discruninatiuu  made  l>y  commutiiliisi 
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hingp  on  the  qurstion  of  classification.  OriKUially  the  classifica- 
tions of  frPiKht  wi>rp  made  t>y  thr  railrnatis  individually  ab  were 
the  larifTH,  but  mch  an  arrangemrnt  led  to  endless  confusion. 
While  the  tariffs  arc  still  made  in  the  main  by  the  railroads,  the 
closeificationa  arp.made  by  co-operative  IxHliei^  known  as  "Classi- 
fication Committees,"  a  Committee  reprcwnting  the  difTcrent 
railroa<I»  in  the  territory  where  that  classification  prevails. 
There  are  three  general  classification  comniittee-s,  each  preseril>- 
ing  for  one  of  three  classification  territories.  These  chuisi- 
fication  territories  are  known  a.s  the  Official,  the  Southern  and 
the  Western.  The  Official  Classification  Territor>'  embraces 
that  region  lying  eaj^l  of  Chicago  and  North  of  the  Ohio  and 
Potomac  rivers,  the  Southern,  the  remaining  portion  of  the 
coimtry  cast  of  the  Mi-saiflsippi  and  south  of  the  Ohio,  and  the 
Western,  the  ri'malnder  of  the  rnite<l  States.  The  Official 
Territory  includes  three  minor  regional  classifications,  viz., 
New  England,  Trunk  Line  (roughly  bounded  by  tlic  Iludaon, 
Allegheny,  St.  riiiwrenc-p,  Kanawha  and  Janip^  rivers),  and 
Central  Traffic  Territory  (roughly  bounded  by  Lakes  MichigaD, 
Huron,  Krie,  and  the  IllinoiH,  Ohio  and  Allegheny  rivers).  The 
Wustt'rn  C'la.Hsification  comprises  the  Trans-Mississippi,  the  Trans- 
MisHouri  (extending  to  the  Rocky  Mountains),  and  the  Pacific 
Slope  Territory. 

In  Official  Classification  Territory,  there  are  six  classes  of 
freight,  those  commodities  taking  the  highest  rate  Iwing  Class  I 
and  IhodP  of  the  lowest  rate  constituting  the  sixth  class.  In 
Western  Clnssifirulion,  there  are  five  numbered  classes,  I  to  5, 
and  five  lettered  classes,  A  to  E.  The  Southern  Classification 
ha.H  six  numlHTcd  cliwsea,  1  to  6,  and  eight  lettered  classes,  A  to 
IL  The  lettere<i  I'lasses  in  both  cases  include  the  low-grade 
freight.  KfTorts  have  been  made  to  secure  a  uniform  clasaifica* 
lion  for  tlic  whole  country,  but  wil)i«ut  success.  The  diflferenco 
in  the  service  rendered  in  the  sparsely  settled  regions  of  the  West 
and  in  the  populous  districts  of  tlie  East,  along  with  other  wide 
variations  of  contiiiions,  wovdd  seem  to  justify  the  present  arrange- 
ment. 

Joint  Through  Rates,  A  joint  tarifT  rate  must  show  on  its 
faoc  what  carriers  unite  in  establishing  such  joint  rate.  It  has 
been  held  by  the  Interstate  Commerce  Commission  that  where 
freight  pusisct)  uver  a  continuous  route  operated  by  more  than  one 


company  on  which  no  tariff  rates  or  charges  have  been  estahhshed, 
the  rate  in  thf  »\\m  of  the  established  local  rates  of  thr  several 
companies  operating  such  a  continuous  lino.  It  has  also  been 
held  that  while  roniiM-lins  railways  may  mauitaiii  the  same 
rate  between  terminal  points,  a  hiRher  rate  may  be  maintained 
Co  a  branch  line  point  off  the  direct  through  line  without  unjust 
diiicrirninution.* 

In  a  division  of  a  through  rate  t>etween  carriers,  it  has  been 
held  that  a  single  freight  charge  between  points  need  not  be  divided 
on  a  mileaf(C  basis  merely,  for  many  of  the  considerations  which 
aflfect  the  fixed  rate  are  peculiar  to  one  carrier  and  not  to  the 
other.  As  a  matter  of  fact,  through  rates  are  usually  subject 
to  agreemer*  between  carriers  making  up  such  through  lines, 
and  one  of  the  features  of  such  rates  usually  is  that  the  carrier 
receiving  the  freight  (wys  the  charges  of  the  carrier  that  delivers 
it  to  its  destination,  the  latter  holding  the  ej^aential  control  of 
the  situation.  In  practice,  it  is  customary  to  formulate  through 
rates  over  long  distam^s  with  reference  to  certain  large  shipping 
point;;  lietween  which  the  rate  is  competitive.  For  example, 
east  and  west  traffic  rates  arc  made  between  East  coast  cities 
and  Chicago  ajul  St.  IjOUIB,  and  between  these  latter  eities  and 
•*  Missouri  River  points,"  i.e.,  Kansas  City  and  Omaha,  and 
between  Missouri  Hiver  points  and  Rocky  Mountain  towns  and 
the  Parifir  Coast. 

Switching.  Usually  cars  are  transferred  from  one  road  to 
another  over  an  interchange  track  which  may  be  owned  by  one 
road,  or  both  roads  or  by  a  separate  cor|K'ratiun.  The  move- 
ment of  the  ears  is  done  by  the  locomotives  of  these  roads  under 
certain  working  ogrcrments,  the  road  doing  the  switching  l>eing 
allowed  a  comiienj-ation  for  such  service.  The  compensation  is 
arranged  for  chiefly  by  reciprocal  switching,  but  sometimes 
railroads  charge  each  other  full  switching  rates.  In  certain  cities 
like  Chicago,  Kansas  City,  Peoria,  and  others,  a  special  terminal 
company  attends  to  the  interchange  of  traflie.  The  charge  far 
such  switching,  however  done,  varies  usually  from  $2.00  to  $3.00 
per  car,  but  in  some  instances  it  runs  as  high  as  fG.OO  or  $7.00. 
The  charg*^  for  transjwrtation  made  to  the  shipper  must  be 
adjusted,  of  course,  to  cover  all  switching  chaises. 

Industrial  Tracks.  Large  manufacturing  concerns  require 
*  Lehman.  UJggiDsou  &  Co.,  vs.  Texas  Pacific  Ry.  Co.  H  dl. 
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spncifll  sidings  *nd  spurs  for  arcommodating  their  hiisineas. 
The  amount  of  Fwiiching  done  hy  the  railway  depends  upon  ihe 
aKnt'uicuI  in  earh  partieular  i-asi',  much  work  of  ilus  Kort  having 
havinR  heen  done  gratis  in  thp  past  >*ear8.  Hnwprer,  the  action 
of  the  Interstate  Commerce  Commission  ti-nd?  to  ronipol  a  charge 
to  be  made  for  this  service  iu  proporiion  to  the  value  thereof. 
In  the  caaps  brought  by  the  Solvay  Pn*eesB  Company  and  the 
Oencral  Electric  Company,  the  Interstate  Commerce  Commission 
held  that  the  railways  ivere  under  uo  |K'ciuiiarj*  obligation  to 
the  industrial  companies  in  the  division  of  receipts  when  the 
latter  did  this  sort  of  switching  on  their  own  interior  tracks. 
I^rge  ateel  mills,  etc.,  Iiave  their  own  tracks  and  deliver  and 
receive  cars  from  the  railways  at  a  convejiient  point  agreed  upon. 

"  Tap  lines  "  built  an<l  owned  by  lumber  companies,  int-tca<i 
of  being  a  small  switcliiug  yard,  a^  In  the  ca:^  of  manufacturing 
concerns,  arc  long  lines  extending  from  the  railway  into  the  re^on 
where  the  lumlHT  is  prfMhiccd. 

Elevator  and  Warehouse  Service.  In  tbe  conduct  of  rail- 
road transportation  a  limited  amount  of  storage  has  to  be  pro- 
vided for,  e.sppeially  in  the  hanilling  of  grain.  For  this  purpose, 
elevators  are  erected  at  priniar>*  markets  to  permit  unloading 
and  the  release  of  cars.  The  railroads  ul  first  operated  the  clova- 
ton*  through  agcntn,  theexiiense  of  elevator  service  l)eing  incidental 
to  the  movement  of  the  grain,  but  later  railways  definitely  leased 
the  elevators  and  paid  the  lessee  the  cost  of  elevation.  The 
storage  of  cotton  in  w:irchouf«*M  in  Ihc  South  corresponds  to 
elevator  service  for  grain.  A  charge  is  usually  made  for  all 
storage  if  the  freight  is  not  removed  within  a  specified  time. 

Special  Equipment  Cars.  Owing  to  the  [)cculiar  needs  of 
largt'  indu-Htrial  concfrns,  spi-cial  forms  of  cars  have  licen  developed, 
owned  chiefly  by  such  concerns.  Refrigerator  cars,  especially 
adapted  to  the  transportation  of  fruits,  meals  and  other  perish- 
able foodstuffs,  oil  lank  cars  for  carr\-ing  fuel  and  other  oib, 
large  furniture  care,  automobile  cars  are  examples  of  such  special 
equipment.  Fonnerly,  the  railroads  paid  so  much  per  mile  for 
the  use  of  these  special  cars,  at  one  time  0.6  cent,  but  later  a  per 
diem  charge  was  substitutetl  for  most  cases.  Refrigerator  cars 
are  still  handled  cliicHy  on  the  mileage  basis,  the  charge  being 
about  thrce-fourlbs  cent  per  car-mile. 

Demurrage.     In  the  early  days  of  railroading,  it  was  ni»- 
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tomary  for  shippers  to  hold  cars  wIuIr  loarliriK  and  unloading 
almost  indefinitely.  Large  manufacturing  establishment*  even 
went  «o  far  as  to  hold  {-iirs  loadcMl  with  fuel  until  the  fuel  was  all 
consumed  in  their  furnaees.  Coniraission  merchants  still  follow 
the  practice  in  many  cases  of  using  the  ears  for  storage  while 
waiting  for  the  oxiktIihI  riw  in  price  of  tlii'  cargo.  About  1880, 
it  became  customarj-  to  charg<>  demurrage  for  such  retention 
of  cars,  amounting  to  a  specified  sum  per  day  held.  In  many  cases 
shippers  still  find  it  convonirnt  tii  hold  (hrir  cars  ancl  pay  the 
neeessarj'  demurrage  charge.  Dcnuirrage  is  sometimes  averaged 
by  allowing  credit  for  cars  releaiied  ahead  of  lime.  In  the 
United  States,  thr  free  time  is  usually  two  days  and  the  charge 
is  one  dollar  per  day  ytcv  car  thereafter. 

Car  Load  and  Less  than  Car  Load  Rates.  Tlie  dif^tinction 
between  car  load  and  less  than  car  load  freight  grew  up  at  an 
early  day  of  raitroudin^-  A  generation  ago,  car  load  freight  was 
rated  prr  car  load,  the  cars  Iwing  almut  of  uniform  size.  Ccen- 
petition  caused  railroads  cfTcctively  to  lower  their  rates  by  increas- 
ing the  size  of  their  cars,  while  retaining  the  car  rate  unclianged, 
thus  offering  more  car  capacity  for  the  same  money.  Later,  it 
became  universal  custom  to  charge  on  the  basis  of  100  lbs.  or  of 
the  ton  whether  the  fitighl  wa.s  lumdlc.d  iii  car  load  or  leas  than 
car  load  lots,  but  to  use  a  different  rate  for  the  two  conditions. 
Sometimes  the  di.'stinction  is  made  by  placing  less  than  car  load 
lotJi  in  a  different  class  and  hence  under  a  different  rating.  This 
difference  in  rate  l)etween  ear  load  and  less  than  car  load  ship- 
ments, commonly  called  "  the  spread  "  in  commercial  circles, 
has  given  rise  to  intense  feeling  between  wholesale  and  retail 
merclmnts.  It  is.  however,  a  general  custom  lo  make  a  dis- 
tinction in  rates  in  one  form  or  another  Ijetwcen  car  load  and 
less  than  car  load  shipments. 

Special  Commodity  Rates.  For  many  of  the  great  staple 
commodities  of  couuuerce,  special  commodity  rates  are  usuaily 
arranged.    The  chief  of  these  commodities  arc: 

1.  Grain  and  grain  products. 

2.  Live  stock  ajid  dressed  meats. 

3.  Cotton. 

4.  Lumlkcr. 

5.  Bullion. 
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6.  Fruits  and  vegetables. 

7.  Coal. 

8.  Hrick,  cement,  lime. 

9.  Salt. 
10.  Ice. 


On  the  gityit  staple  commoUitips  of  which  the  above  are 
typical  it  is  nepn«*ar>*  tn  adjuift  rat^s  in  nrdrr  to  maintain  equilil>- 
rium  of  traffic  between  the  places  of  production  and  the  various 
markets.  Differentials  iii  these  ea.ses  have  given  rise  to  intense 
rivalries  between  dtic3,  for  example,  Chiraigo,  Milwaukee  and 
Duluth,  in  competing  for  the  market  for  Western  grain.  Com- 
modity ratea  are  without  the  regular  clas^tineatlons,  and,  whe-n 
established,  remove  the  application  of  the  class  rates  to  or  from 
the  points  sitccilied  on  the  commodities  afifcctcd,  except  when 
otherwise  provided. 

Classification  of  Operating  Revenues.  The  Interstate  Com- 
merce Conuiiissiun  gives  the  follownig  cIu.s.sificatiou  of  opcratuig 
revenues  for  steam  roads : 

I.  Transportation — Rail  line: 

101.  Freight. 

102.  Passenger. 

103.  KxccsK  baggage. 

104.  Sleeping  car. 

105.  Parlor  and  chair  car. 

106.  Mail. 

107.  Exprc'Sfl. 

ins.  Otlior  pa.KHonger  train. 
WJ.  Milk. 

110.  Switching. 

111.  Special  ser\'ice  train. 

112.  OMiiT  fmiglit  train. 
]  13.  Water  transfers — freight. 

.     114.  Wat<'r  transfers — paspenger. 

1 15.  Water  transfers — vehicles  and  Uve  stock. 
116-  Water  transfers — other. 
n.  Transportation — W^at<;r  line: 

121.  Freight. 

122.  Passenger. 
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123.  Excepts  baggage. 

124.  Other  passenger  aen'ice. 

125.  Mail. 

126.  R\prps8. 

127.  Special  service. 

128.  Other. 
.III.  lucideiilal; 

131.  Dining  and  buffet. 

132.  Hotel  and  restaurant. 

133.  Station,  train  and  boat  privileges. 

134.  Parcel  room. 

135.  Storage?— frtight. 

136.  Storage — baggage. 

137.  Demurrage. 

138.  Telegraph  anil  telephone.   \ 

139.  Grain  elevator. 

140.  Stock  yard. 
14!.  Power. 

142.  Rent»  of  buildings  and  other  property. 

143.  Miscellaneous. 
IV.  Joint  Facilitioa: 

151.  Joint  facility— Cr. 
162.  Joint  facility— Dr. 

Of  the  two  main  groups  of  revenues,  the  first,  or  that  from 

traiiRportation,  ia  by  far  the  moat  important,  and  is  the  only  source 

of  revenue  affected  by  the  location.    The  percentage  of  i-evenue 

derived  from  these  various  sources  is  shown  on  page  132  for  the 

I  year  1914. 

Classification  of  Revenues  for  Electric  Railways.  The  inter- 
state Commerce  Commission's  classification  of  operating  revenues 
on  electric  railways  is  as  follows : 

I.  Revenue  from  Transportation: 

1.  Passenger. 

2.  Baggage. 

3.  Parlor,  chair  and  special  car. 

4.  Mail. 

5.  Express. 

6.  Milk. 

7.  Freight. 
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Item. 

Per  Cent  of  Total  Re\'eniteb. 

Class  I  Roftds. 

Class  II  Roads. 

1.  Freight 

69.36 

23.02 

.25 

.02 

1.82 

2.50 

.32 

.21 

1.07 

.06 

,23 

71.07 

21.69 

.18 

4.  Parlor  and  chair  car 

5.  Mail 

.02 
1.42 

2  46 

36 

8.  Other  passenger  train  revenue . . . 

.04 
1  90 

13 

11.  MLSCcllancous  transportation.  . .  . 

.11 

98.86 

.10 
.03 
.07 
.02 
.36 
.05 
.16 
.29 

OS  28 

12.  Station  and  train  privileges 

.16 
01 

07 

01 

56 

17.  Telegraph  and  telephone 

.10 
34 

48 

Total  non-trans|>ortution 

1.06 

.04 
.12 

1.72 

.04 
04 

Totiil 

100.00 

100  00 

8.  Switching. 

9.  Miscellaneous. 

II.  lie  venues  from  Operations  Other  than  Transportation: 

10.  Station  and  car  privileges. 

11.  Parcel-room  receipts. 

12.  Storage. 

13.  Car  .service. 

14.  Telegraph  and  telephone  service. 

15.  Rents  of  tracks  and  terminals 
IG.  Hent.s  of  equipment. 

17.  Rents  of  buildings  and  other  property. 

18.  Power 

19.  Miscellaneous. 
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CHAPTER  VIII 
PERFORMANCE  OF  STEAM  LOCOMOTtVES 

Introduction.  In  order  to  decide  many  questions  or  grs^e. 
and  uliKfUpnt  intplligcnily,  the  engiiiwr  whouUi  he  familiar  with 
winic  of  the  characteristics  of  the  motive  power  to  be  used.  As 
a  matter  of  fact,  the  two  governing  elements  entering  into  eco- 
nniuic  loeatioii  are  the  motive  power  and  the  resistance  to  be 
overcome.  The  limitations  as  to  efticioncy,  tractive  power, 
speed  and  ability  to  keep  the  track  should  l>e  well  understood  by 
the  locating  engineer  as  well  as  by  the  operating  officials. 

A  locomotive  is  a  power  plant,  say  of  1201)  horsepower  capac- 
ity, equivalent  perhaps  to  the  power  plant  required  to  furnish 
electric  lights  and  street  car  .service  to  a  cily  (;f  25,000  population. 
ThiB  power  plant  mu»t  l>e  designed  to  move  acroan  country  at  a 
speed  of  35  to  tiU  miles  per  hour,  to  operate  under  the  most 
unfavorable  conditions  of  low  tenifH^ratures,  winds,  storms,  rain, 
and  snow.  When  one  contnists  such  operating  conditions  with 
those  of  a  stationary-  plant,  well  boused  in  a  building  that  pro- 
tect* it  from  the  inclemencies  of  the  weather,  msulated  at  every 
point  to  prevent  Ius.scs  due  to  radiation,  one  could  scarcely  expect 
to  secure  maximum  efficiency  of  operation  m  thi*  lowniotive.  It 
is  not  at  all  surprising,  therefore,  to  find  that  power  prwluced  by 
a  steam  locomotive  under  its  adverse  operating  conditions  costs 
four  or  five  times  as  much  in  some  instances  per  horsepower  as 
does  jMiwcr  produicd  at  a  stalionary  plant. 

Essential  Features  of  a  Locomotive.  A  steam  locomotive 
Gonsifits  essentially  of  (1)  an  internally  fired  boiler,  which  may 
have  various  accessories,  for  generating  steam,  (2)  one  or  more 
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pairs  of  cylinders,  which  may  be  simple  or  compound,  for  con- 
verting the  heat  energy  of  the  steam  into  mechanical  ener^,  and 
(3)  the  driving  wheels  for  appl>'ing  this  mechanical  energy-  hy 
meana  of  friction  tu  the  rails  for  the  purpose  of  drawing  the  train 
load.  Any  one  of  these  element*  may  be  the  Umiting  factor  of 
locomotive  performance  under  various  conditions.  At  tlraeR, 
for  example,  at  high  .'ipecd,  Ihe  hoiler  may  not  have  sufficient 
generating  capacity  to  furnish  the  cylinders  with  steam  as  rapidly 
as  it  is  needed;  on  the  other  hand,  at  low  speeds,  thi-  cylinders 
may  be  lacking  in  capacity  at  the  boiler  pressure  available  to 
exert  the  necessary  force  on  the  drivers;  lastly,  especially  in  wet 
weather,  or  on  otherwise  bad  track,  the  adhesion  of  the  wheels 
to  the  rails  may  be  the  Umiting  condition,  and  the  size  of  the 
<lriving  wheels  always  has  a  very  important  influence  on  the 
speed  of  the  train.  These  three  essentials  of  a  locomotive  are 
the  three  characteristics  that  arc  mo«t  intimately  related  to  the 
work  of  the  locating  engineer  and  will  be  the  subject  of  the  brief 
study  of  the  present  chapter. 

The  Boiler.  The  boiler  consists  essentially  of  the  furnace 
for  the  combtistion  of  the  fuel,  the  tubes  and  other  heating  sur- 
face for  appljing  the  heal  generated  in  Ihe  furnace  to  the  evapo- 
ration of  waU'r,  and  the  front  end  arrangement  for  voiding  the 
smoke. 

The  Grate.  In  the  development  of  the  steam  locomotive, 
one  of  the  difficulties  has  l>een  to  provide  Hufhcicnt  grate  area 
for  the  combustion  of  the  coal  neoeesarj'  to  furnish  the  heat 
required.  On  the  older  types  of  boilers  on  which  the  6re-box  was 
included  lietween  the  driving  wheels  and  hence  limited  in  width, 
there  was  a  ticcidcd  hick  of  grate  area.  This  defect  has  been 
reme<licd  to  a  considerable  extent  by  extending  the  boiler  so  that 
the  fire-box  is  beliind  the  drivers  and  consequently  its  width  is 
not  limited  bj-  the  lateral  distance  between  the  drivers.  Some 
of  the  railroads  that  burn  anthracite  conl  on  their  locomotives 
use  the  W(«»tcn  tyiw  of  boiler,  on  which  the  gralc  is  widened  by 
spreacUng  the  fii*e-box  at  the  Inttluin,  which  arrangement  necessi- 
tates placing  the  engine  tlrtver'-s  cab  nt  the  middle  of  the  boder 
The  length  of  the  grate  is  limited  in  hand-fm-d  boilers  lu  Ihe 
greatest  distance  that  a  fireman  can  throw  the  coat  with  his 
scoop  as  he  shovels  it  m  at  the  furnace  door.  The  miroduclion 
of  automatic  stokers  eliminates  this  diUiculty  in  coal  burners 


and  it  do«  not  PTist  in  oil  burners,  for  the  oil  is  fed  into  the  fur- 
nace in  the  forni  of  a  spray  from  an  atomizing  nozzle. 

The  heatiuR  capftcity  of  auy  gnitc  drpcnds  to  such  an  extent 
upon  the  ekill  of  ihv.  fireman  and  the  (luallty  of  coal  burned  that 
general  figures  cannot  l>e  well  given  aa  to  the  n^siults  obtained 
per  pound  of  coal  per  square  foot  of  gnite  area.  If,  for  example, 
the  fire  is  crowded  too  much  by  putting  on  an  excess  of  coal, 
dense  volumes  of  smoke  arise  from  the  stack,  whieh  indicate  that 
unljurned  carbon  is  being  emitted  into  the  air  in  the  fonn  of  soot, 
and  hence  is  l>eing  wasted.  On  tlie  other  hand,  if  the  fire  is 
allowed  to  become  too  thin  over  the  grate,  or  is  not  eveidy  spread 
over  the  grate,  an  exceiw  of  jiir,  tiiat  is,  more  than  required  for 
combust iou,  laisses  through  the  grate  and  out  of  the  .stuck,  causing 
a  \oe»,  for  the  air  carries  away  heat  units  with  it.  About  65  sq.ft, 
marked  the  limit  of  grate  area  for  hand-fired  boilers,  but  the 
mci-hunical  stoker  permits  over  100  sq.ft.  to  be  used.  The 
maximum  rate  of  combust  ion  on  a  consolidat  ion  loeomotiTe 
tested  at  the  University  of  IlIinoiK  was  224.5  lbs.  of  coal  per  square 
foot  of  grate  area  per  hour.*  At  such  a  rate,  there  is  a  decide*l 
lo66  in  efficiency,  amounting  to  [)erha[>s  30  per  cent. 

The  quality  of  fuel  has  so  determining  an  influence  on  the 
Bteam-producing  capacity  of  a  locomotive  that  a  brief  discussion 
of  this  factor  seems  necessary  in  this  connection. 

Fuel.  The  fuels  used  in  locomotive  operation  are  practically 
limited  at  the  present  time  to  coal  and  petroleum,  the  une  of  wood 
having  been  discontinued  becauiie  of  ila  low  heat  value  and 
its  growing  scarcity. 

Peal  is  tjiniilar  to  a  very  low  grade  of  coal,  being  formed  by 
the  partial  decay  of  mosses  and  other  bog  plants  under  water. 
At  the  present  time,  there  i«  an  effort  luting  made  to  use  peat 
in  locomotives  owing  to  the  high  price  of  the  better  grades 
of  coal.  It  has  a  heating  value  of  3000  to  4000  B.t.u.  per 
pound. 

Lignite  is  a  low  grade  of  coal,  most  of  the  lignites  having  been 
fomted  after  the  Carboniferous  Age.  Lignites  abound  in  the 
Rocky  Mountain  states  anil  is  uae<l  nmch  aa  fuel,  although  the 
fire-box  must  be  specially  designed  for  its  use.  It  contains  much 
volatile  matter  and  after  combustion  leaves  a  fine  white  ash  with 
practically  no  clinkex.  The  heating  value  is  about  4000  to 
*  Bulletin  No.  &2,  Engineenoji  Exp.  Sta.,  University  of  Illinois. 
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6000  B.i.u.  prr  pound,  although  some  of  the  lignites  run  about 
50  i>ur  cent  lilghcr  Vhan  those  figures. 

fiituminoujt  cont,  or  coal  containinK  bilumc^n,  comprisrs  many 
Vftrietiifi  and  is  fovind  in  nearly  all  part«  of  the  United  State*. 
Its  lieutinK  value  varies  from  (jOOO  to  12,00()  B.t.u.  per  pound. 

Anihrncitc  cmil  was  forme<l  gcoloKiraHy  liy  (he  action  of  heal 
and  pressure  upon  other  fomiF  of  coal,  thereby  driving  oflf  most 
of  Ihi!  vohuili:  <:onatituents,  leaving  chiefly  carbon  and  mineral 
matter.  It  burns  with  but  vpr>*  little  vlmblc  smoke  and  leaves 
a  fine  iwh  and  small  amount  of  clinker.  It  is  used  mainly  on  the 
roads  o|H'ratit]g  through  the  cai^tern  part  of  Pennsylvania.  Its 
ealorifie  viilue  is  but  little  aliove  that  of  the  Ix'tter  grades  of 
biLuininouH  coal,  amounting  to  about  13,000  ll.t.u.  i>er  pound. 

Fwl  Oil  In  used  nn  the  Snutliern  Pacifii;  and  other  railways 
o))erating  thrr-ugh  oil-producing  fields.  It  is  conveniently  fired 
and  has  a  high  calorific  value,  viz.,  about  21,000  U.t.u.  [icr  pound. 
The  V.  H.  Umcau  of  Mines  gives  the  following  requirementB 
for  fuel  oil : 

Heating  value  slmll  Iw  over  18,000  B.t.u.  per  pound. 
Flash  point  shall  be  below  GO"  C.  (140"*  F.) 
8pc<'irit:  gnivity  t>hall  In-  Itetween  0.85  and  0.95. 
WabT  shall  U'  Icrts  than  2  per  cent. 
Sulphur  shall  be  less  than  1  per  cent.  . 

The  average  heating  values  of  petroleum  oil  arc  as  follows: 

B  I.U.  per  lb. 

California  asphattic,  crude .    , . ,    ,      .    18,570 

Mid-continent,  crude 19,720 

Mexican,  crude 18,000 

GasoUno 21,120 

Kcroacnc. 20,130 

Tlic  price  of  fuel  him  nion;  than  doubliHl  within  the  past 
fifteen  years,  consequently  I  he  kind  of  fuel  available  will  have 
much  to  do  with  the  sucrt>S3  of  a  niilroad. 

Table  XIV  nhows  avemge  heating  valm>8  and  other  properties 
of  different  coals  of  the  I'niteil  States, 

Heating  Area.  In  order  to  effect  the  maximum  evaporation 
of  water  in  Iho  boiler,  it  is  important  to  aocure  as  large  an  arem 


Table  XIV 

ANALYSIS  OF   TYPICAL   COALS 


Sounw  a  I  Coal. 


Aisbanu 

Arkansas 

CaUfomia 

Culonulo. 
Georgia 

IfiinoiB 

Indiana 

Iowa. 

Kamaa 

Kentucky 

Marybuid 

MiaBoun 

Montana  

New  Mexiro     ... 
N.  I>akola. 

Ohio 

Oklahoma 

tVnnjtylvonia,  Bit. 
FeniisylvoQia,  Ant. 

Tenneweo 

Texas \ 

riah 

Virsitua.  Pocah.. . . 

Waahington 

W.  VirKinia 

Wyoming 


ANU.IIUB,    PSB   CkKT. 


Moisturv. 


3 
6 

18 
9 
4 

12 

11 

14 
5 
8 
3 

13 
8 
3 

30 
7 
7 
3 
3 
5 

34 
6 
2 
6 
3 
9 


VoUiUp. 


2U 
10 
35 
34 
16 
37 
35 
33 
33 
3S 
IS 
34 
32 
35 
32 
34 
35 
35 
IS 
33 
29 
39 
17 
31 
23 
31 


Pixtd  C»f  txui 


57 
70 
31 
45 
60 
42 
47 
37 
49 
45 
Ti 
40 
44 
4S 
24 
49 
4H 
56 
60 
51 
30 
46 
75 
50 
69 
34 


A*b. 


II 

14 

16 

12 

14 

» 

7 

16 

13 

0 

7 

13 

16 

14 

8 

10 

10 

6 

10 

11 

7 

0 

6 

13 

5 

21 


VftlUO. 

B.t.u. 


13,100 
12,500 

8.500 
11,300 
I2,K00 
11,100 
II, UK) 
10,000 
12,200 
12,200 
14,000 
10,600 
10,000 
12,000 

7,000 
12,200 
12,200 
13,500 
13,800 
12,500 

7,400 
12,200 
14,600 
12,000 
14,000 
10,000 


of  heating  surface  as  possible.  To  this  ond,  tiiboa  are  placed  in 
the  boiler  in  front  of  the  fire-box  so  that  the  heated  gases  may 
pass  through  ihiMii  ani}  tbim  iinTciuiC  (he  arua  of  contact  with 
water-covered  aurfuco,  for  tho  amount  of  heat  tranHinittcil  varies 
directly  aa  the  area  exp*)sed.  'Flic  heatinK  area  of  a  Mikado 
type  of  lofoniotive  used  on  the  C'hcijapeuke  and  Ohio  Railway 
was  as  follows: 

Fire-box 283  sq.ft. 

Tubes 3740  sq.ft. 

Wat«r  tubes 28 

Total 4051 
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It  will  be  readily  observed  that  the  tulws  form  by  far  the 
largest  portion  of  the  heating  surface,  and,  as  a  matter  of  fact, 
they  affiird  iilMiut  the  only  mcms  nf  increasing  loromotive  capacity 
with  respect  to  heating  area.  In  the  fii-st  locomotive  built 
there  was  but  one  large  tube  through  which  the  flames  passed, 
but  the  iucrpasnd  steaming  capacity  of  multiple  tubes  was  soon 
understood,  and  since  that  time,  the  tubes  have  been  increased 
ID  number  and  diminished  in  diameter.  In  recent  types  of  loco- 
molivas,  ihn  iisf^  of  tht;  brick  arch,  wliich  dcflecta  tlie  heated  gases 
more  effectively  against  the  heating  areaj  has  accomplished 
marked  economy  in  fuel  consumption^  amounting  to  12  per  cent 
in  some  inBtances. 

Water  Supply.  The  quality  of  water  available  for  use  in 
locomotives  luis  much  to  do  with  their  stemming  capacity.  Cal- 
cium and  magnesium  carbonates  and  other  salts  cause  de|x>sils 
or  "  boiler  scale  "  to  form  which  may  very  greatly  decrease  the 
steaming  capacity  as  well  as  to  injure  the  boiler  itself.  Impurities 
in  water,  whether  they  occur  in  suspension  or  in  solution  are 
detrimental  in  that  they  (1)  deposit  scale  in  the  boiler,  (2)  corrode 
the  boiler  and  its  fittings,  (3)  cause  injurj-  to  boiler  plates  by  over^ 
heating,  and  (1)  cause  the  water  to  foam. 

In  dealing  with  hard  water  it  is  necessary  to  recognise  two 
kinds  of  hardness^  sometimes  designated  as  temporary  and 
permanent  hardness.  The  first  is  caused  by  carbonates  of  cal- 
cium and  magneraum,  which  are  normally  insoluble  in  water 
but  which  are  held  in  solution  as  bicarbonates  by  virtue  of  the 
carbon  dioxide  present  in  the  water.  When  quicklime  is  added 
to  such  water,  the  cArbun  dioxide  is  removed  by  union  with  the 
lime,  forming  more  carbonate,  whereupon  Iho.  carl>onates  that  were 
already  in  the  water  as  well  a.*  those  formed  in  the  process  are 
precipitated.  The  second  form,  or  permanent  hardness,  is  caused 
by  the  .sulphates  of  calcium  and  magnesium  and  cannot  be  90 
readily  removed.  However,  by  the  introduction  of  "  soda  aah" 
or  anhydrous  sodium  carbonate,  calcium  and  magnesium  car- 
bonates  are  precipitated,  leaving  so<lium  sulphate.  The  scale 
formed  by  the  latter  can  be  easily  blown  out,  but  its  presence 
may  cause  the  boiler  to  foam.  These  processes  are  brought 
about  in  practice  by  a  water  softener  consisting  of  a  standpitxi 
in  which  the  water  ie  allowed  to  stand  after  application  of  the 
softening  chemicals  and  a  filter  through  which  it  passes  on  its 
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way  to  the  tenk.  The  employment  of  other  chemicals  has  been 
suggi'sttHJ,  but  because  of  their  cheapness,  lime  and  soda  ash  are 
almost  univeraally  useti  for  tliis  puipose. 

A  chemical  analysis  of  the  water  to  be  treated  shows  how 
much  of  the  reagent  is  require<l  to  precipitate  the  objection- 
able substances  and  the  pjitire  process  is  capable  of  very  accurate 
control.  The  benefits  derived  from  the  use  of  water  softening 
arc: 

1.  Fewer  boiler  failures  <!uc  to  leaking. 

2.  Longer  life  of  flues  and  fire-box  sheets. 

3.  Rtnluced  cost  of  labor  for  repairing  and  cleaning  boilers. 

4.  Increased  locomotive  mileage  between  shoppings. 

5.  Increased  ton-mileage  per  pound  of  coal,  owing  to  Icsscmug 
incrustation. 

6.  Decreased  number  of  locomotives  in  service. 

7.  Shorter  time  required  for  locomotives  to  make  their  runs. 

8.  Improved  morale,  due  to  better  operating  conditions. 

9.  Fewer  interruptions  of  traffic  due  to  engine  failures. 

The  C^hicago  and  Northwestern,  Chicago,  Rock  Island  and 
Pacific.  Atchison,  Topeka  and  Santa  F<5,  Union  Pacific,  Southern 
pacific,  Pittsburg  and  Lake  Erie,  as  well  as  others,  have  installed 
water  softeners  and  uniformly  report  economies  effected  thereby. 
The  Santa  V6  reported  a  74  per  cent  decrease  in  boiler  failures; 
the  Northwestern  realised  the  following  eeonomies  which  are 


typical: 


Decrease  in  Iwiler  failures 79      per  cent 

Decrease  in  fuel  per  1000  ton-miles  .  42      per  cent 
Decrease  in  number  of  engine-miles  .     3.1  per  cent 


Scale  about  I  in.  thick  has  been  found  to  CAUAe  a  loss  of  heat  of 
10  to  12  per  cent.  The  economies  effected  .ire  further  exemplified 
by  the  conditions  on  another  Western  raihoad,*  when?  the  soft- 
eners have  been  in  use  on  two  divisions  since  1905  and  represent 
a  total  investment  of  $13ti.OOO.  The  average  amount  of  water 
treated  ia  4ti3,IKX),000  gals,  imr  day  for  Im^omotive  and  stationarj* 
boilers,  with  about  3.3  ll>8.  of  incrusting  solids  per  1000  gals. 
TIh!  annual  saving  was  estimated  at  S10G,000,  or  9.8  cents  per 
1000  gals,  treated,  while  the  coet  of  treatment  was  only  3.7  cents. 

'  Pioc.  Am.  Uy.  Enj.  Aasn.,  Vol.  XV,  p.  G03. 
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The  npccasity  of  securing  the  greatest  possible  economy  in 
the  operation  of  locomotives,  by  obtaining  the  maximum  train 
load  and  by  saviiiR  in  fud,  which  is  one  of  the  largt^at  operating 
exprnses  and  which  ia  increasing  in  price  every  year,  is  becom- 
ing more  and  more  acute,  hence,  it  is  imperative  that  good  water 
be  obtained.  This  applies  to  parti(;ularly  difficult  operating  con- 
ditions, such  as  high  speeds  and  long,  steep  grades. 

Boiler  Losses.  The  chief  heat  losses  of  a  boiler  of  a  loco- 
motive nil:  spark  losses  and  radiation  bases.  Berause  of  the 
heavy  draft  through  the.  grate  and  over  the  heating  surface  of 
a  locomotive  resulting  from  the  exhaust  of  the  cylinders  passing 
through  tlie  stack,  nuicli  i;oal  that  is  only  partially  burned  escapes 
to  the  smoke  box  at  the  front  end  or  out  of  the  stack  entirely 
as  sparks.  These  sparks  may  amount  to  a  considerable  loss  in 
fuel  and  heat,  their  heat  vahm  varying  from  4  to  15  per  cent  of 
the  total.  When  it  is  remembered  that  the  fuel  expense  of  road 
engines  varieii  from  10  to  14  per  cent  of  the  total  operating 
expenses,  it  is  seen  that  thi.s  loss  is  serious.  The  heavy  draft 
due  to  hard  pulling  on  hea\'y  grades  is  particularly  wasteful  in 
this  respect. 

That  the  loss  due  to  radiation  must  be  considerable  is  evident 
from  the  rapidity  with  which  the  pressure  in  the  boUer  of  a 
standing  locomotive  falls  off.  The  pressure  has  been  observed 
to  decrease  from  150  lbs.  to  zero  in  ten  to  fifteen  hours,  the 
exact  time  dep*!nding  upon  the  temperature  of  the  surrounding 
the  velocity  of  the  wind  and  other  conditions.  The  rate  of 
idiation  is  necessarily  much  greater  when  the  locomotive  is 
in  motion  than  when  standing.  Locomotive  Iwilera  are  insulated 
so  far  as  passible  in  order  to  reduce  radiation  to  a  minimuni. 
Professor  W,  F.  M.  Goss  conducted  an  elalwrate  and  very  inter- 
esting series  of  experiments  in  co-operation  with  the  Chicago  and 
Northwestern  Railway  to  determine  the  radiation  loss(*s  when 
the  locomotive  is  in  motion*  That  the  speed  of  the  train  has 
much  to  do  witli  the  radiation  losses  was  evident  from  Professor 
Goss*  experiments,  the  kvs-ses  vailing  directly  with  the  speed. 
Tlie  radiation  was  found  to  be  al>out  twice  as  rapid  as  30  M.P.H. 
88  at  rest.  At  this  speed,  the  radiation  losses  amount  to  from 
1  to  5  per  cent  of  the  capacity  of  tlie  locomotive,  the  former 
limit  occurring  in  sununer  and  Lhu  latter  in  winter. 

*"  Locomotive  rferfornuiioe."  W.  F.  M.  Goss,  p.  186. 


The  Cjdinders.  It  is  in  the  cylinHprs  where  the  heat  enprgy 
of  the  steam  is  converted  into  mechanical  en(?rg>-  that  can  be 
transmitted  to  the  drivers.  As  the  steam  enters  the  cyhnders, 
it  ewjta  full  boiler  pressure  on  the  piston  until  the  latter  movea 
forw-ard  to  the  point  of  cut-off  where  the  valve  closes  the  con- 
nection with  the  boiler.  From  this  point,  the  steam  acts  expan- 
sively agaijist  the  piston  head.  Fig.  8  shows  typical  indicator 
cards  of  a  consohdation  locomotive*  at  various  speeds.  The 
position  of  the  cut-off  is  controlled  by  the  engine  driver  by  means 
of  the  large  reverse  lever  in  the  cab.  At  low  speed,  when  it  is 
desired  to  exert  the  maxiinuni   tractive  effort,   the  cut-off  ia 

I  shifted  ahead  in  order  to  allow  the  ateam  to  act  at  full  pressure 
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Flo.  8. — Typical  Locomotive  lodicator  Cards  »t  Variou*  Speeds. 

over  a  greater  portion  of  the  stroke,  but  at  higher  speeds  the 
cut-off  is  shifltKi  lo  perhaps  J  stroke  in  order  to  use  the  Rteam 
expansively  and  thus  more  economically.  Inasmuch  as  loco- 
motives are  not  designed  lo  operate  at  constant  spet^Is  as  are 
stationar>'  engines,  which  are  controlled  by  a  governor,  the 
speed  is  a  very  important  factor  iu  its  effect  upon  the  thermo- 
dynamic efficiency  as  well  as  upon  the  mechanical  efficiency  of 
the  locomotive,  a  fact  that  the  locating  engineer  should  ever 
keep  in  mind.  There  is  a  "  critical  siH;tMl  "  at  which  a  locomotive 
operates  at  a  maximum  efficiency,  but  this  speed  varies  with  the 
steam  pressure  and  other  conditions.  On  a  locomotive  tested 
by  Professor  Guss,  the  critical  speed  was  200  ll.P.M. 
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The  necessity  of  securing  the  greatest  possible  economy  in 
the  operation  of  locomotives,  Iiy  obtaining  tlie  maxiniuin  train 
load  and  by  saving  in  fiiel,  which  is  one  of  the  largest  operating 
expenses  and  which  is  increasing  in  price  every  5'car,  is  becom- 
ing more  and  more  acute,  hence,  it  is  imperative  that  good  water 
be  obtained.  This  applies  to  particularly  difficult  operating  con- 
ditions, such  as  high  speeds  and  long,  steep  grades. 

Boiler  Losses.  The  cltief  heat  losses  of  a  Iwiler  of  a  loco- 
motive arc  spark  toxsrs  and  radialion  lo^es.  Because  of  the 
heavy  draft  through  the  grate  and  over  the  heating  surface  of 
a  locomotive  resulting  from  the  exhaust  of  the  cylinders  passing 
thiough  the  stack,  much  coal  that  is  only  partially  burned  escapes 
to  the  smoke  box  at  the  front  end  or  out  of  the  slack  entirely 
as  sparks.  Thea«  sparks  may  amount  to  a  considerable  loss  in 
fuel  and  heat,  their  heat  value  varying  from  4  to  15  per  cent  of 
the  total.  When  it  is  remembered  that  the  fuel  expense  of  road 
engines  varies  from  10  to  14  per  cent  of  the  total  operating 
expensc-s,  it  is  seen  that  this  loss  is  serious.  The  heavy  draft 
due  to  hard  pulhng  on  heavy  grades  is  particularly  .wasteful  in 
this  respect. 

That  the  loss  due  to  radiation  must  be  considerable  is  evident 
from  the  rapidity  with  which  the  pressure  in  the  boiler  of  a 
standing  locomotive  fulls  off.  The  pressure  has  been  observed 
to  decrease  from  150  ll>s.  to  zero  in  ten  to  fifteen  hours,  the 
exact  time  depending  upon  the  temperature  of  the  surrounding 
air,  the  velocity  of  the  wind  and  other  conditions.  The  rate  of 
radiation  is  necessarily  nmch  greater  when  the  locomotive  is 
in  motion  than  when  standing.  Locomotive  boilers  are  insulated 
BO  far  as  possible  in  order  to  reduce  radiation  to  a  minimum. 
Professor  W.  !•'.  M.  Goss  conducted  an  elaborate  and  very  inter- 
esting series  of  experiments  in  cooperation  with  the  Chiciigo  and 
Northwestern  Railway  to  determine  the  radiation  losses  when 
the  locomotive  is  in  motion.*  That  the  speed  of  the  train  has 
much  to  do  with  the  radiation  losses  was  evident  from  Professor 
Gosa'  cxijeriments,  the  losses  var>'ing  directly  with  the  spn*;d. 
Tlie  radiation  wjih  found  to  be  aUiut  twice  as  rapid  as  30  M.P.II. 
iLS  at  rest.  At  this  speed,  the  radiation  losses  amount  to  from 
I  to  5  pnr  cent  of  the  capacity  of  the  locomotive,  the  former 
limit  occurring  in  summer  and  the  latter  in  winter. 

*  "  Locomotivo  Performance,"  W.  F.  M.  Goss,  p.  186. 
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The  Cylinders.  It  is  In  the  cylinders  where  the  heat  energy 
of  the  steam  is  converted  into  mechanical  cncrg>'  that  can  be 
transinitteti  to  thn  drivers.  A.s  tht;  sUiaiu  c-^iiters  thn  cylinders, 
it  exerts  full  boiler  pressure  on  the  pi»«ton  until  the  latter  moves 
forward  to  the  polut  of  cut-off  where  the  valve  closes  the  con- 
nection with  the  boiler.  From  this  point,  the  stsani  acts  expan- 
sively against  the  piston  head.  Fig.  8  shows  typical  indicator 
cards  of  a  coiiHolidation  locomotive*  at  various  speeds.  The 
poHttion  of  the  cut-off  is  controlled  by  the  engine  driver  by  means 
of  the  large  reverse  lever  in  the  cab.  At  low  speed,  when  it  is 
desired  to  exert  the  inaxinmni  tractive  effort,  the  cut-off  is 
shiit<^d  ahead  iu  order  to  allow  the  6team  to  act  at  full  pressure 


Fw.  8. — Typioil  Loconiotivtj  Indicator  Cnrda  at  Various  Speeds. 

€>vcr  a  greater  portion  of  the  stroke,  but  at  higher  speeds  the 
cut-off  is  shifted  to  perhaps  J  stroke  in  order  to  use  the  steam 
expansively  and  thus  more  ecouomically.  Inasmuch  as  loco- 
motives are  not  designed  to  operate  at  constant  speeds  as  are 
»tationar>*  engines,  which  are  controlled  by  a  governor,  the 
speed  is  a  very  important  factor  in  its  effect  upon  the  thermo- 
dynamic efficiency  as  well  as  upon  the  mechanical  efficiency  of 
the  locomotive,  a  fact  that  the  locating  engineer  should  ever 
keep  in  mind.  There  is  a  "  critical  8pe*d  "  at  which  a  locomotive 
operates  at  a  nnixiinum  efficiency,  but  this  ai)ccd  varies  with  the 
steam  pn'.s8ure  and  other  conditions.  On  a  locomotive  tested 
by  Professor  CJoss,  the  critical  speed  was  200  U.P.M. 


'  Bulletin  No.  82,  Engineenng  Exp.  SUk.,  Univennty  of  Ulinols. 


PERFORMANCE  OF  STEAM  LOCOMOTIVES 

increased  ability  to  haul  full  tonnage  at  greater  speeds  by  the 
use  of  superheated  steam. 

Compound  Locomotives.  By  allowing  the  steam  to  expand 
through  two  cylinders  in  succession,  the  first  or  high-pressupc 
c>']indcr  exhnuating  into  the  second  or  low-pressure  cylinder, 
and  the  latter  into  open  air,  considcrahle  ccouomy  in  fuel  and 
water  consumption  ia  effected.  The  low  final  pre-ssure  results 
in  a  mild  even  exhaust  which  improves  the  action  of  the  draft, 
especially  when  the  eugine  is  working  at  low  speed  under  a  long 
cut-off.    Compound  locomotives  are  of  three   principal   types, 
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Fio.  10.— Effect  of  Superheated  Steam  on  Tractive  Effort. 


VIZ.,  the  tandein  compound,  the  balanced  compound,  and  the 
Mallet  coini)ound.  In  the  first,  the  liigh-pre-ssure  cylinder  is 
placed  in  front  of  the  low-pressure  cylinder,  the  two  piston  heads 
being  on  the  same  rod.  With  this  arrangement,  the  guides, 
crossliead  and  connecting  rods  aic  similar  to  thot^e  for  a  single- 
expansion  locomotive. 

The  characteristic  of  the  balanced  compound  is  that  the 
reciprocating  parts  are  so  arranged  as  to  Ik*  si'lf-halancing.  In 
all  two-cylinder  types  of  locomotive,  either  single  expansion  or 
compound,  it  is  necessary-  to  counterbalance  the  reciprocating 
parts  by  means  of  weights  added  to  (he  driving  wheels.  Only 
the  horizontal  component  of  the  inertia  effect  of  these  counter' 


* 


'Weights  is  needed  to  counteract  the  effect  of  the  reciprocating 
partfi,  consequently  the  vertical  coiiiponeiit  «f  auch  counterweights 
must  be  overcome  by  the  reaction  of  the  track.  This  arrange- 
ment is  frequently  unsatisfactont'",  especially  for  heavy  locomotives 
Ofierating  at  high  a[>eed.s,  Iwcausc  it  causes  acverc  strains  in  the 
track  and  in  bridges  over  whirh  the  track  passes.  This  con- 
dition of  affairs  led  to  the  introduction  of  the  balanced  com- 
pound locomotive,  in  which  the  reciprocating  parts  are  balanced 
against  each  other,  permitting  the  rotating  counterweights  on 
the  wheels  to  be  largely  removed,  thus  avoiding  the  vertical 
shcHrks  and  rediirijig  the  strains  in  the  track  aiid  bridges  to  those 
caused  by  the  weight  of  the  locomotive  only.  Consequently, 
with  a  self-balanced  arrangement  of  renprucating  parts,  the 
weight  on  the  diivcrs  can  bt;  initrc-aHcd  without  adding  to  the 
strt^ses  in  the  track  and  higher  spced-s  can  be  attained  without 
inducing  so  severe  strain  in  the  locomotive.  The  two  cylinders 
are  usually  placed  aide  by  side,  the  low-pifssure  being  inside  the 
locomotive  frame  and  the  high-pressure  cylinder  outside,  sepamto 
guides  being  required  of  course,  since  their  actions  are  not  togctlier, 
but  at  90  d^rces  with  each  other.  The  inner  connecting  rods 
are  attached  to  cranks  in  the  axles  while  the  outer  connecting 
rods  are  connected  to  WTist  pins  on  the  drivers. 

The  Mallet  articulated  (^{impound  tm^nmotive  waa  devised 
in  response  to  a  demand  for  a  locomotive  having  a  very  large 
tractive  power  and  at  the  same  time  a  flexible  wheel  base.  The 
vidth  of  the  locomotive  Wing  limited  by  track  conditions,  the 
only  recourse  was  to  extend  the  locomotive  along  the  track.  The 
driving  wheels  are  divide<l  into  two  groups,  the  rejir  group  being 
attached  rigidly  to  the  locomotive  frame  while  the  front  group 
npcratcfl  on  a  swivel  so  that  the  whole  passes  around  curves  as 
readily  as  the  heavj'  locomotives  of  the  ordinary  tyi>e.  The 
rear  group  of  wheels  are  driven  by  the  high-pressure  cylinders 
and  the  forward  group  are  driven  by  (he  low-pressure  cylinders. 
In  starting,  or  in  cases  of  supreme  effort  being  demanded,  Uve 
steam  can  Ik;  admitted  directly  into  all  four  cylinders.  Loco- 
motives of  th^  Mallet  type  may  have  two,  three,  or  four  pairs  of 
wheels  in  each  group.  They  are  especially  suitable  for  heavy 
freight  hauling  on  steep  grades  and  for  puslier  service.  Recently 
a  locomotive  has  been  built  with  a  third  pair  of  cylinders  which 
operate  the  wheels  under  the  lender  as  drivers. 
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Driving  Mechanism.  Diameter  of  Wheels.  The  diameter  of 
the  driving  wheels  for  any  Riveu  s[>eed  tietcrmines  the  number  of 
revolutions  per  minute  of  the  drivers,  and  hence  determines  the 
rate  of  pist'On  travel.  A  nilc  that  has  been  much  followed  in 
America  waa  to  make  the  diameter  of  the  wheels  in  inches  equal 
to  the  desired  speed  in  miles  per  hour,  wliich  required  3U6  R.P.M. 
for  normal  operation.  The  disadvantage  of  such  rapid  piston 
travel  is  IxMng  appreciated  an<]  ut  present  there  is  a  tendency 
to  increasfe  the  diameter  of  the  driving  wheels.  Foreign  loco- 
motive builders  have  long  used  larger  driving  wheels  than  have 
been  the  practice  in  America.  When  it  is  realized  that  ut  every* 
stroke  of  the  piston  a  certain  amount  of  steam  escapes,  it  ia 
obvious  that  the  high  ai>eeds  sometimes  necessitated  in  operation 
constitute*  a  severe  trial  on  boiler  rapacity. 

Inteiixal  Friction.  The  internal  friction  of  a  locomotive 
depends  upon  the  de^^ign  of  the  mechanism,  the  lubrication,  the 
temperature  and  the  speed  of  operation.  Internal  friction  is 
greater  when  a  Enconiotivc  is  first  starting  than  after  it  has  been 
running  for  some  time,  which  fact  makes  it  harder  for  an  engine 
to  start  a  train  on  a  grade  than  to  keep  it  going  after  it  is  started. 

Length  of  Wheel  Base.  The  length  of  the  wheel  base  will  have 
mU(^  to  do  n-ith  the  ability  of  the  locomotive  to  pass  around 
curves,  it  is  neccsaarj-  that  all  drivers  oi>erated  from  one  pair 
(rf  cylinders  should  be  lield  in  a  straight  Une,  or  nearly  so  at  least, 
on  a  rigid  wheel  base  because  of  the  action  of  the  reciprocating 
parts.  It  ia  also  desirable  to  have  as  much  of  the  weight  of  the 
locomotive  as  possible  concentnite<l  on  the  drivers  in  order  to 
increaae  the  adhesion  available  for  tractive  effort.  To  facilitate 
the  passage  of  curves,  locomotives  having  long  wheel  baaea  are 
frequently  made  with  some  of  the  drivers  "  blind,"  that  is,  with- 
out flanges.  It  is  doubtful  if  such  a  practice  improves  conditions 
greatly.  Recently  some  locomotives  have  been  made  with  a 
provision  for  a  lateral  movement  of  the  front  driver  in  order  to 
accomplish  the  same  object. 

Classification  of  LocomotiTes.  The  lai^er  manufacturers 
of  locomotive'^  have  Hclopled  systems  of  classifying  their  product, 
the  classification  usually  lieing  accortUng  to  the  number  of  wheels 
and  the  weight.  In  the  Baldwin  classification,  the  type  of  loco- 
motive is  represented  by  figures  separated  by  daslies,  the  figures 
indicating  the  wheel    groupings,  e.g.,  a  2-8-2  locomotive  ia  a 
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Mikado  type  having  two  truck  wheels,  ei^lit  drivers  and  t\vo 
trailers,  thus  o  0000  o.  The  American  I^)comotive  Company 
use  a  fflniilar  scheme  but  omjt  the  hyptieiia  and  add  a  ftKure  that 
repreeeiiLs  the  weight  of  the  locomotive  in  thousjind  poimds,  thus 
a  282-260  locomotive  would  be  one  of  the  Mikado  type  weighing 
260  thousand  poumls.  Table  XV  shows  the  dasaifitration  of  the 
different  types  of  locomotives  that  have  been  used  in  America. 

Table  XV 
CLASSIFICATION   OF   L0COMOTr\*ES 
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Power  of  a  Locomotive.     P'or  the  solution  of  many  of  th( 

proliloms  involved  in  railway  Uirtiti(ni,  Ihc  performanco  of  the 
locomotivo  must  bo  known  either  from  tests  or  from  calculation 
with  (lefuiiteiK^ss.     The  following  method  of  calculating  the  draw- 
bar pull  at  various  speeds  is  taken  from  the  Manual  of  the  Ameri-     i 
can  Railway  Kngineering  Association.  ^H 

(1)  The  actual  drawbar  pull  of  the  locomotive  at  varitma  speeds 
should  be  used  in  makitig  estimates  with  reference  to  economic  values  of 
various  locjitions  of  line  and  pxade,  where  such  drawbar  pull  is  known. 
Where  not  known,  the  druwbar  pull  should  U;  calculnled.  fn  comparing 
a  new  line  with  an  existing  line  the  same  percentage  of  efhciency  of  draw- 
bar pull  »^hcmld  be  used  in  both  ca»eii.  ^M 

(2)  The  tractive  |K»wer  of  a  locomotive  depends  upon  its  steam-pro-^ 
J*^*  duoing  capacity,  the  boiler  pressure,  the  adhesion,  and  the  size  of  the 

cylinders  and  drivers. 

(3)  Tlie  steam -prod  uci  UK  capacity  of  a  locomotive  depends  mainly 
upon  the  quantity  and  (juality  of  fuel  burned,  and  the  area  of  the  heat- 
ing surface. 

(4)  Knoning  the  area  of  the  heating  surface,  the  average  steam 
jireduction  nf  locomotives  Vrtirning  bituminous  and  similar  coals  can  be 
estimated  liy  the  use  uf  Table  X^^^I,  assuming  the  majdmum  quan- 
tity of  coal  th:it  can  be  properly  fired  aud  cousuoted  per  hour  tu  be  as 
follows:  ^H 

Hand-fired  h>comntivea 40(X)  Iha,  per  hour 

Stoker-fiix'd  locutnotives  ttith  grates  leas  than  70  stj-ft.  60(X)  lbs.  per  hour 
Stoker-fired  locomotives  with  grates  of  70  sq.ft.  or  over  8000  lbs.  per  hour 

Tlie,'«e  amounts  are  to   !«?  understood  as   the  averagp  hourly  fuel 
consumption  that  may  rcaaonably  be  expected  to  be  maintained  through- 
out the  periods  when  the  locomotive  is  working  steam. 
K  (5)  The  maxiniuni  velocity  at  which  full  cut-off  can  lie  maintained 

I  can  be  found  by  dividing  the  IK»^nd^*  steam  produced  i«;r  tiiinute  by  the 

■  quantity  nf  stcim  used  j)er  revolution  of  tlie  drivers,  as  shown  in  Table 

■  XVn.     This  number  of  revoUitions  can  be  converted  to  miles  per  hour, 

■  which  gives  the  maximum  speed  at  which  full  cut-ofT  can  be  maintained, 
I  which  ppeed  is  called  M.  This  conversion  can  be  conveniently  made 
B  by  the  funnula, 

fc^  ■<  r.  Ti     r.p.ra.Xdiameter  of  drivers 

L 


M.P.H. 


336.13 


•J 


(6)  Tractive  jwwcr  of  a  locomotive  in  greatest  at  starting,  gradually 
reducing  to  the  maximum  velocity  (\J)  at  wliirli  full  cut-ofT  can  be  mail 
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tained.  At  speeds  above  this  velocity  the  tractive  power  decreases 
more  rapidly.  The  tractive  power  at  any  multiple  of  M  is  prac- 
tically a  fixed  percentftge  of  the  tractive  power  at  M.  These  fixed 
percentages  are  di^erent  for  compound  types  than  for  simple  loco- 
motives. 

(7)  Knowing  the  steam  production  of  a  locomotive  and  the  maximum 
velocity  at  which  fulJ  out-ofF  ran  be  maintained  (M),  the  indicated 
horsepower  of  the  locomotive  can  be  obtained  for  velocity  .!■/  or  higher 
velocitieit  by  dividing  the  total  steam  produced  per  hour  by  the  quantity 
of  steam  uschI  per  I.H.P.  hmir,  hh  piven  in  Table.  X\7II,  after  apply- 
ing the  corrections  for  proper  boiler  pressure  in  tlie  case  of  a  locomotive 
using  saturated  steam. 

Table  XVI 

A\'ERAGE  E\'APORATION   IN   LOCOMOTH'E  BOILERS 
Basbo  on  Feed  Water  at  60°  F.;  Boii^r  pRBt>simE  20O  Lbs. 
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5  40 

5  02 

4  63 

4  25 

3  86 

1.8 

5  61 

5  24 

4.80 

4  49 

4  12 

3  74 

1.9 

5  44 

5  08 

4  71 

4  35 

3.99 

3  63 

3.D 

5.27 

4  92 

4.57 

4  22 

3.m 

3  51 

3.1 

5.12 

4.7S 

4.44 

4   10 

3  75 

3  41 

3.2 

4  97 

4  64 

4.31 

3.98 

3  64 

3  31 

3.3 

4.83 

4  51 

4   19 

3.86 

3.54 

3.22 

3.4 

4.69 

4  38 

4.07 

3  75 

3.44 

3  13 

3.0 

4.56 

4  26 

3.95 

3.05 

3.34 

3  04 

3  0 

4  44 

4  14 

3.84 

3.55 

3  25 

2  96 

3.7 

4  32 

4  03 

3,74 

3  46 

3.17 

2. 88 

2.S 

4.21 

3.93 

3,64 

3.37 

3.00 

2.80 

2.9 

4.10 

3.83 

3  55 

3  28 

3.01 

2  73 

3.0 

3  99 

3.73 

3.46 

3.19 

2.08 

2.66 

On  bad  M*m  dLrtrleU.  deduct  ibe  toDdwIfic  fron  ahovn  qtuntiUn: 

Toi  Mcb  grmiti  pot  U.  8.  gsilMi  ol  (t>*auo«  euu  ta  krone*  i«cd  water.  1  p«r  not. 
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Table  XYll 

WEIGHT  OF  STEAM  USED  IX  OXE  FOOT  OF  STROKE  U 
UXX)M0T1VE  CYLINDERS,   POUNDS 

(a)  For   Locduotivi:;^    Using   Saturated   Steam.    Ctlindek    Dh 

TS   FOR    HlCU-PREtlAUKF.    CVUNDEKS    IK   COUPOITND    LOCOUOTIVEB 


DwBMrter 

GArns  PHKesiTBB,  Pocmml 

I 

Cylinder, 
Inches 

■ 

leo 

170 

ISO 

190 

800 

910 

»(M 

12 

0  304 

0  321 

0.337 

0  354 

0  370 

0  389 

0  405 

13 

0  367 

0  376 

0  396 

0.415 

0  436 

0.450 

0  475 

14 

0.4U 

0.436 

0.459 

0.482 

0.604 

0.629 

0.561 

15 

0  476 

0  501 

0,527 

0  553 

0.679 

0  607 

0  663 

15J 

0.508 

0  535 

0  562 

0  590 

0.618 

0,649 

0.675 

16 

0.541 

0  670 

0.599 

0.629 

0.666 

0.691 

0.720 

17 

0.611 

0  643 

0.67B 

0.710 

0.744 

0  780 

0  812 

18 

0  685 

0  722 

0.759 

0  796 

0.8^ 

0  875 

0  Oil 

18J 

0  724 

0  762 

0.801 

0,841 

0.881 

0  924 

0.962 

19 

0.763 

0.804 

0.845 

0.887 

0.028 

n.976 

1.015 

19* 

U.80I 

0  S47 

0,890 

0.934 

0.97H 

I  027 

1  069 

20 

0.846 

0  801 

0.936 

0,983 

1,020 

1  oao 

1.125 

20J 

0  888 

0  036 

0,984 

1.032 

1,081 

1.134 

1   181 

21 

0.032 

0.982 

1-032 

I.0S3 

1  i;m 

1,191 

1  aM 

22 

1.023 

1.07h 

I    133 

1.189 

I  245 

1  307 

i.aM 

23 

1.118 

1    178 

1  238 

1,300 

1.361 

I  428 

1.4M 

28 

1.667 

1,746 

1.835 

1.926 

2.017 

2.117 

2.29 

for  wvl^bt  of  aKtam  uwd  per  ravnlutioB  of  drirm  tt  loll  cat-off :  Multiplr  thf  tsbnlor 
QUAutity  \>y  four  Uidm  Kbe  lonctb  o(  nroke  in  f««t  for  tunplc  kai  (aiir-«yIiMler  coU' 
pouudi.      Foi  twtrH:>liiulet  compouniU,  multiply  by  twu  unie*  Ihv  leivtb  ol  atrokc 


(6)  For  Siupui  Locouonvw  Usina  Supekheateo  J^txam        ^| 

DiBKMU-r  o( 
fltdtra. 

Oaoos  Pruwcu.  Pookm.                                 ^H 

^^^B 

IBD 

170 

ISO 

100 

30O 

310 

18 

0.415 

0  443 

0-470 

0.408 

0.524 

0.651 

10 

0.465 

0.496 

0.526 

0.567 

0.687 

0,618 

20 

0.616 

0  649 

0.682 

0.817 

0.650 

0  GM 

21 

0.565 

0.605 

0.641 

0.670 

0  715 

0  7S2 

23 

0  623 

0  665 

0705 

0.747 

0  787 

0.827 

23 

0082 

0  r28 

0  TTO 

0.818 

0.861 

0.005 

24 

0.741 

0.791 

0.838 

0.8S9 

0.931 

0  984 

25 

0  804 

0  859 

0  910 

0.965 

1.016 

1  065 

aft 

0  808 

0  927 

0.983 

1.041 

1  097 

1  160 

27 

0W7 

1  000 

1  067 

1.123 

1.183 

1  241 

28 

1  OQH 

1  076 

M43 

1.209 

1.275 

1  340 

39 

1  083 

1  166 

1  225 

1.299 

1  368 

1  438 

30 

1   157 

1  234 

1  308 

1  387 

1  460 

1  533 

Tbi*  ifuiM  ft  ■optrheat  of  300*  FabrenMi,  wxl  «  drop  ol  8  Vat-  per  aq-U.  is  pwf 


Table  XVIII 
POUNDS  OF  STEAM  PICR  I.H.P.  FOR  VARIOUS  MrLTIPLES  OF  Af 
(aj  Fob  Locomotiviis  Uhinh  Saturated  Stkam.    M  w  thk  Maximuu  Vkuw- 
ITT  IK  Mnxa  PEB  Hour  at  Full  CrT-onf.    BonjiR  i*RKBST:Rt:  200  Lbs. 


"      1 

Laa.  Stkaji  pes  I.B.P.  Hs 

Volodty 

Litft    Stkam  pkh  I.H.P.  Ub. 

Simple 

Conipaucd 

Simple 
Looomotivp- 

Cumpuuud 
Lacnmotive. 

1.0 

38  30 

25.80 

2.9 

24  37 

21.04 

1.1 

36.40 

24, 3C 

3.0 

•24.22 

21.21 

12 

34.89 

23.24 

3.2 

24.00 

21.67 

13 

33  56 

22.35 

3.4 

23  85 

21  93 

mJ* 

32  41 

21,65 

3. a 

23,80 

22  27 

kfi 

31  40 

21.14 

3.8 

23,80 

22  57 

^.6 

30  49 

20.77 

4.0 

23.87 

22.85 

17 

29.67 

20  52 

4/25 

24.05 

23.22 

1  8 

28.03 

20. 40 

4  50 

24.24 

23.56 

19 

28  25 

20  40 

4  75 

24.44 

23.86 

2  0 

27.62 

20  40 

S.OO 

24.64 

24.16 

2.1 

27.05 

20.40 

5  5 

24.98 

24.70 

2,2 

26.52 

20  40 

6  0 

25.20 

2.3 

26.06 

20  40 

6.5 

25  45 

2.4 

26,67 

20.40 

7.0 

26.60 

2.5 

25,32 

20.47 

7  5 

25  70 

2  6 

25,02 

20. GO 

8.0 

25.80 

2.7 

24.76 

20  73 

9.0 

25.00 

2.S 

2-1.54 

20,88 

Tor  oikrr  boilvr  prcMurcA.  tukf>  the  tuUnwin*  peraentace*  of  Uut  vnlun  Kiven  tn  tho 
toW*:    too  \bm..  Ililt'l;    I7il  Ih.i .  102  1%;    l6ci  iBa.,  101.3%:    ISO  lb>..  100.0%:  21Q  lb«., 

{b)  For  Simple  LocoMom'Ea  Usinq  Supekueated  Stbau 


Volo«4t!r 

u 

Lb>  SwBinp«r  LH.P. 

Velocity 

Lb*.  8l«4UO  prr  I.H.P. 

1  0 

24  00 

2.8 

18  70 

11 

23  58 

2,9 

18  55 

1.2 

23  10 

3.0 

18.40 

1.3 

22.74 

3.2 

18  20 

1  4 

22  28 

3  4 

18  00 

l.fi 

21  02 

3  6 

17  79 

1.0 

21  55 

3  8 

17  60 

1.7 

21.10 

4,U 

17  44 

1.8 

20  90 

4  25 

17  26 

1.0 

20  59 

4  6 

17  10 

2.0 

20  32 

4,76 

16.96 

2.1 

20,05 

fi  I) 

16  86 

3.2 

19  81 

5  5 

16  72 

2.3 

19  60 

6  0 

16  03 

2.4 

19  40 

6.6 

16  02 

2.5 

19,22 

7.0 

16  62 

2  6 

19.02 

8.0 

16  62 

2  7 

18,86 
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(S)  Horsopowcr  can  be  converted  into  tractive  power  by  the  for- 
mula, tractive  pi>wer  equals  373  times  the  boniepower,  divided  by  the 
velocity  in  miles  per  hour. 

(9)  Where  the  I.H.P.  at  M  velocity  h&s  been  converted  into  eytindv 
tiacti\'e  power,  the  ryliiider  tmctive  power  at  other  multiples  of  M' 
can  be  determined  by  using  the  perceutages  givt-n  in  Table  XIX  without 
first  calculating  the  I.H.P.  for  various  multiples  of  M. 

(10)  Available  drawbar  pull  on  level  tangent  is  the  cylinder  tractive 
power  less  the  sum  of  resistance  from  the  cyiiuder  to  the  rim  of  the 
drivers,  the  resistance  tlutiugh  the  trucks  of  the  engine  and  tender,  and  the 
"  head  end,"  or  velocity  resistance.  These  resistances  are  given  by  the 
formulas, 

Resistance  to  rim  of  dri\*erR=  I8.7i+80n; 

Resistance  of  engin«  and  tender  tracks  =  2.67+ 2(W;  

Head  end  or  air  rcsi!itance= 0.002  V'M,  or  for  average  loeomo*' 
tives,  0.25  V's. 

I  being  the  weight  in  tons  on  the  drivers,  n  the  number  of  driving  axles, 
T  the  total  weight  in  tons  of  the  engine  and  tender.  .\'  the  tolid  number 
of  trunk  axles,  V  the  velocity  in  miles  per  hour,  A  the  area  of  the  head  end 
in  square  feel,  averaging  fur  most  locumntives  almut  125  i>q.ft. 

At  low  speeds,  the  adhesion  of  drivers  should  be  considered  and  avail- 
able drawbar  pull  should  never  be  estimated  greater  than  30  per  cent  of 
the  weight  on  the  drivers  at  tttarling  with  the  use  of  sand,  and  25  per  cent 
of  weight  on  drivers  at  running  speeds. 

As  an  illustration  of  this  methfxl  of  calculating  drawbar  pull, 
consider  a,  simple  hand-fired  consolidation  locomotive  using 
saturated  8t<?am,  total  weight  of  <*ngine  and  tender  329,000  lbs., 
weight  on  drivers,  176,200  lbs., 3200  6q.  ft.  heating  surface,  200  11m. 
boiler  pnwuure.  burning  Indiana  No.  3  coal  with  11,011  B.t.u. 
|«?r  lb.,  cylinders  22  b>f  28  |ns.,  drivers  50  ins.  in  diamotor.  To 
culculat*  the  drawbar  pull^al  22  M.P.H.  on  level  tangent: 

■1000 

l'>m~  ''^'^  ^^^'  P*^^  ^^'"'^  square  foot  heating  surface.    fVom 

Table  XVI,  IhiB  would  give  4.92  lbs.  steam  per  pound  coal. 

.  „    4000 

4.y2X— — -  "328  lbs.  steam  per  minute  as  boiler  capacity.    Froin 

Tttltlo  XVII,  1,245  lb.  steam  is  used  per  foot  of  stroke.    -— — 

^  (1.245X!  _ 

-182   itrokes  per  minute   for   Af,    equals   33   R.P.M.   M^ 
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Table  XIX 

PER  CENT   C^XINDER   TRACTU'E    POWER    FOR   VARIOUS 
MULTIPLIES  OF  M 

(a)  Fob  LocoMcynvEs  Uhino  Satttrated  Steam 


Tciocftr. 

Comp'il. 

Simple , 

Vrlnril  jr, 

Comp'd, 

Simple. 

Vnlocity, 

Simple. 

jtf. 

Per  «oi. 

M. 

Per  c«at. 

Pot  ecni. 

M. 

Poi  etaU 

Start 

135  00 

urn  00 

3.6 

32  40 

44.75 

6,4 

23.59 

OR 

n>:i  CXI 

io:i.O() 

3  7 

31  25 

43  56 

fi,5 

23.18 

1.0 

lOU  (K) 

100.00 

38 

30.10 

42.39 

6  9 

22.79 

11 

06, 2S 

95,57 

3,0 

29  14 

41.24 

6.7 

22.42 

1.2 

92  55 

91.53 

4.0 

28  24 

40,10 

6.8 

■22.06 

1.3 

88  83 

87  83 

4,1 

27  38 

39  00    1 

6  0 

21,71 

1.4 

85.12 

84.46 

4.2 

26  56 

37  96 

7.0 

21.38 

1.5 

81  40 

81.37 

4  3 

25  77 

36  97 

7  1 

21.06 

1,6 

T7  6S 

78  5.=! 

4  4 

25  03 

36  oa 

7  2 

JO  75 

1.7 

73.96 

75  97 

4.5 

24  34 

35  13 

7.3 

20  45 

1.8 

70  25 

7.1  fin 

4.6 

■23  BO 

34  26 

7  4 

20  16 

1.9 

06  M 

71.41 

4  7 

Zi  07 

33  41 

7.6 

19.88 

2.0 

63  21 

69  37 

4  8 

22  -t-S 

32  59 

7.6 

19  61 

2  1 

60  20 

67  47 

4.9 

21,92 

31  82 

7.7 

19.34 

2.2 

57  48 

65  67 

5  0 

21  38 

31  11 

7.8 

19  OS 

2  3 

54  97 

63  IH 

5  1 

20  87 

30.42 

7.9 

18  82 

2  4 

52  08 

62  22 

5  2 

20,37 

29.75 

8.0 

18  57 

3  5 

50,42 

r>o  55 

5  3 

19.  K9 

29.10 

8.1 

18  33 

2.6 

48.16 

58  92 

5  4 

19.43 

28.48 

8.2 

18  09 

2,7 

46  08 

57  IW 

5-5 

18.99 

27  87 

8  3 

17  86 

2  8 

44.10 

55-7» 

5  6 

27  33 

8,4 

17.64 

2  9 

42  29 

5^  20 

5  7 

26.81 

8.5 

17  43 

3.0 

40.57 

52  79 

5.8 

26  30 

8.6 

17  22 

3.1 

38.95 

51  33 

5  9 

26.81 

8.7 

17.01 

3.2 

37.42 

49  91 

GO 

25  34 

8  8 

16  82 

3.3 

35.98 

48  65 

6.1 

24  88 

8.9 

10,63 

3.4 

34  66 

47  24 

6  2 

24,01 

9,0 

16  45 

3  5 

33.5;i 

45.97 

(6)  Fott  Simple  LocovtynvKS  UsAn  Sfpebbbated  Steam 


Par  cffBl. 

Af. 

Per  eeaU 

VHocity. 

Per  cent. 

Vtlwlty. 
Jl. 

Prr  vent. 

&un 

106.00 

2.7 

47.12 

4  5 

31,19 

6.3 

22.90 

05 

103  00 

2.8 

45.82 

4.6 

30.61 

6.4 

22.56 

1.0 

100  00 

2  9 

44  (}1 

4,7 

30  a5 

6.5 

22.21 

1.1 

92.42 

3,0 

43.49 

4.8 

29. 52 

6.6 

21.89 

12 

86.56 

3  1 

42. 30 

4  9 

29.00 

6.7 

21.57 

1.3 

81.20 

3  2 

41.21 

6.0 

28,48 

6,8 

21.24 

1.4 

76.95 

3  3 

40  17 

5.1 

27,90 

6,9 

20.92 

1.5 

73.00 

a  4 

39.22 

6  2 

27.47 

7.0 

20  02 

1.6 

69.55 

3  5 

38.30 

6.3 

27.00 

7.1 

20.32 

1.7 

416,60 

3,6 

37,42 

5  •! 

26  53 

7.2 

20.07 

1.8 

63.66 

3  7 

36.61 

5  5 

26  10 

7.3 

19.78 

l.Q 

01  27 

3  8 

35.89 

5.6 

25.09 

7.4 

19,62 

2.0 

.58.96 

3.9 

35.11 

5.7 

25  26 

7.6 

19,26 

2.1 

m  94 

4  0 

34.39 

5,8 

24.86 

7.6 

19.01 

2  2 

55  12 

4  1 

33.72 

5,9 

24  46 

7.7 

18.76 

2.3 

53  26 

42 

33  06 

6.0 

24  04 

7.8 

18.52 

2.4 

51  .53 

4.3 

38.40 

6  1 

23  66 

7.9 

18.28 

2.5 

49.98 

4.4 

31.79 

6.3 

23.28 

SO 

18.06 

2  6 

48  50 

IM 
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33  X =  5.5  M.P.H.;    22  M.P.H  U   4.0  M.    From   Table 

336.13 

XVIII  23.87  lb.  steam  per  I.H.P.  are  irquired  for  4,0  .W  velocity. 

fill 

328X;3r:::;  =  822,  the  I.H.P.  at  22  M.P.H.    The  cylinder  tmctive 


23.87 


375 


power=822x  — =  14,000  lbs.    The  total  resistance  of  engine 

and  tender^  18.7X88+80X4+2.6X164.5+20X5 +  .25X484  = 
1132  lbs.  Hence  the  drawbar  pull  is  14,000-1132=12,868  Ibe. 
at  22  M.P.H. 

Tractive  Effort.  The  tractive  effort  of  a  locomotive  is  greatest 
at  starting,  decreasing  slowly  to  the  inaxiiniim  velocity  at  which 
full  cut-off  can  be  maintained,  about  7  to  10  M.P.U.,  and  then 
falling  (iff  more  rapidly  for  higher  speeds.  This  fact  is  due  to 
the  inability  to  supply  steam  to  the  cylinders  at  the  rate  required  . 
by  the  larger  nunilwr  of  strokes  per  minute.  The  drawbar  pull  ^  , 
times  the  disiani^e  passed  over  Rives  the  work  done  by  the  loco- 
motive  and  this  product  divided  by  the  time  gives  the  horse- 
power of  the  Igconiolive,  or 


■^fi^ 


Drawbar  pull  in  pounds = 


h.p.X33Q0QX60 

rx5280 
375  h.p. 

V 


Cvhere 
and 


h.p  is  the  horsepower  of  the  locomotive 
V  is  the  velocity  in  miles  per  hour. 


From  this  equation,  it  is  ^evident  that  with  a  given  horse- 
power, the  di^Lar_ESli .  varies  inversely  with  the  speed.  A 
theorcticfll  ^r^ph  of  this  equation  would  be  an  equilateral  hy|xT- 
bola;  Vi^.  II  shuws  the  ucttial  rule  of  retlurtion  uf  an  Atbuitii' 
type  locomotive,  weighing  96^  tons,  54  tons  on  drivers,  cylindera 
21J  by  2G,  boiler  pressure  180  lbs.,  drivers  79  in.  The  uia-xinnmi 
horsepower  is  usually  e.xerled  at  al)4)ut  700  ft.  per  minute  pist^m 
travel  and  a  practically  constant  horsepower  from  700  to  1000 
ft.  iKT  minute.  The  tractive  power  in  terms  of  the  speed  is 
giveu  m 

/>\  UOOOD   / 


^^^^^^^^^^     TRACTIVE  EFFORT                                  155 

H         L"*tbe  stroke  in  inches; 

^M         D^dmmatvr  of  di-ivers  in  inches; 

H         Pt=  boiler  pressure  in  pounds  per  square  inch; 

H         F  =  velocity  in  miles  per  liour; 

^B           d  =  diameter  of  cylinders  in  Incheii. 

■         By  plotting  the  totfl.1  resistance  curve  at  the  bottom  of  the 
™    sheet  showjng  tractive  effort,  the  maxiinmu  si«?t;d  at  which  the 

locomotive  can  continue  io  accelerate  itj^  train  can  \te  detennined. 

The  tractive  force  available  for  accelerating   the  train  at   any 
^    speed  ia  the  difference  between  the  ordinates  to  the  two  curves. 
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This  puil  may  lie  innreaaecl  15  per  cent  when  high  pressure  steam 
is  admitted  directly  to  all  cylinders. 

The  tractive  effort  of  a  loLomotive  is  necessarily  limited  by 
the  adhesion  of  the  wheels  to  the  rails.     The  coefficient  o(  friction 

between  the  steel  wheels  and  the  steel  rails  is^urh  that  the  adhesion 
factor  is  utimilly  taken  as  one-fourth.  Under  normal  conditions 
it  is  about  0.22  to  0.25,  is  much  less  on  slippery  rail,  and  may  be 
temporarily  inorrased  to  about  0.3.5  by  the  use  of  sand. 

Economy  of  Large  Ix>comotives.  The  notable  inorca.se  in 
train  hiads  witfiin  itict-iit  years  has  caused  railroads  generally  to 
build  heavier  locomotives.  The  cost  of  handling  a  certain  amount 
of  traffic  is  in  general  much  decreased  with  a  decrease;  in  the 
number  of  trains  required  to  haul  it.  The  ojjeralint;  expeases 
involved  in  tr.insporting  a  given  amount  of  freight  might  be 
expressed  by  an  equation  in  a  general  form  thus, 


o=/c+c3r, 


0  being  the  operating  expenses,  A'  a  constant,  M  the  train  mileage, 
and  X  a  constant  exponent..  This  fact  1ms  led  to  the  introduc- 
tion of  the  Mikado  and  Mallet  types  of  lortnnotives.  The 
figures  given  below  indicate  the  economies  efifeeted  on  certain 
roads  by  the  use  of  Mikado  (2-8-2)  locoinolivcs  having  a  draw- 
bar pull  of  tk),0(H)  lbs.  over  the  C'tHWuUdation  type  (2-SM))  having 
a  tractive  effort  of  41,000  lbs. 
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Erta. 

C.  A  A. 

B..  R-  *  r 

Per  rent 
14.0 
20  0 
17.0 
32.4 
27.2 

Tcr  coot. 
27.0 
12  5 
3  0 
30.0 
24.7 

Per  ctni. 
27.4 
17.8 
10  1 
35.5 
34.2 

Pvrotnt. 
17  7 

6.7 

22.2^ 

The  engine  expensps  are  very  little  greater  for  heavy  loco- 
motives than  for  light,  and  the  destructive  effect  on  track  and 
track  structures  is  not  mntertally  greater,  hence  the  saving  on 
account  of  decreased  train  mileage  is  very  marked.  With  the 
adoption  of  more  ptjwerful  locomotives,  liglilcr  grades  liecome 
economical,  hence  this  topic  will  be  considered  further  imder  the 
subject  of  gradients, 
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B                  Locomotive  Testing.    The  first  locomotive  testing  plant 
H              establislied  at  Purdue  University  in   1891,  but  since  that 
^^^       there  have  been  about  five  others  established,  aiiioug  which 
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ones  located  at  the  University  of  Illinois,  the  Pennsylv 
8  at  Altoona,  at  Iowa  State  College,  and  at  St.  Ivouis. 
ng  of  locomotiveH  ha«  had  an  effect  on  locomotive  de 
ar  to  that  of  the  Holyoke  testing  plant  on  hydraulic  turbi 

mia       1 
The 
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The  laboratory  methods  developed  in  Ihean  testing  plants  has  led 
to  more  accurate  and  reliable  ser^'ice  tests,  and  these  together 
with  the  naults  ubLained  directly  in  the  Inboratorj'  have  stimu- 
lated marked  improvement  in  locoiiuitive  design. 

The  tests  arc  made  after  the  manner  of  testing  a  stationary 
steam  plant.  Facilities  art!  arranned  for  testing  and  weighing 
the  coal  iised,  weighing  and  analyzing  the  ash,  weighing  the 
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FiQ.  I4-— Drawluu-  Performance  under  Running  Conditions. 
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ftmount  of  water  consumed,  and  for  determining  the  amount  of 
fltcam  used.  Also  reeords  are  made  of  spark  lo»<i>fl,  the  tem- 
perature of  flue  gasea,  etc.  The  apparatus  consists  e-ssentially 
of  (I)  supporting  wheels  on  axles  nmning  in  fixed  bearings  on 
which  the  locomotive  rtsts  and  which  sen'e  as  trunnions  on  which 
the  locomotive  wheels  turn,  (2)  Prony  brakes  on  the  axles  of 
the  supporting  wheels  which  absorb  continuously  the  work  done 
by  the  locomotive,  (3)  a  Imciion  dynamometer  which,  while 
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tiol'Ji/if;  i\ft  \<f<'otnfjX\\<i  practically  rii^id,  measures  tbe  horizontal 
imWmit  UiTty-.  Xh';  it<mX\mi*^  of  the  supporting  wheels  are  adjust- 
h.\i\i:  w>  that  variouK  ^•pa<*irl(tl^  of  driven*  uiay  Ije  readily  accommo- 
dati'd.  'l"h<;  !';f;oHiotiv<;  i>*  run  on  the  f>upporting  wheels  by 
<rxl<fndiiiK  Ui';  track,  allowing  the*  weight  to  rest  on  the  flanges  of 
i}j(f  whirfflH,  and  Kij^wfjuently  removing  the  rails,  thus  allowing 
Wa:  weight  to  corni;  ujK>n  the  8upp(jrting  wheels.  Fig.  12  shows 
a  sw-Vi  of  a  loroniolive  ready  to  Ix;  teKted  in  the  laboratory  of 
tin;  I'nivcrwiy  of  IllinoiK. 

Much  valimhlc  irjfonnation  lias  l)ccu  obtained  from  this 
(wjH.  of  tcKtH,  parliciiliirly  in  regard  to  rate  of  heat  radiation, 
rclitlion  Ih>Iw('cii  HjH'ed  aiicl  drawbar  pull,  spark  losses,  etc. 

My  u(  Inching  ii  ilynurnoiiicUtr  car  between  the  tender  and 
I  lie  I  nun,  I  he  dniwbar  pull  of  the  loconiolivc  under  various  con- 
dilioiiH  of  o|H'rulion  can  Im?  ohwTvcd.  A  regularly  fitted  dyna- 
inniuclcr  car  conliLirm  rcctonliiig  devices  fur  observing  all  factors 
tliiil:  niiiy  crilcr  irilo  Irain  rcKiHiunc<!  iis  well  as  the  drawbar  pull. 
I''ig.  Kt*  hIkiwh  the  rcHultH  of  obwTviitiona  on  a  Pacific  locomotive 
ill  nccclcnilirig  IIh  (niiii  on  a  conipiiratively  level  profile  and  Fig.  14 
illuHlnilcil  (lie  pcrrorniaiice  of  a  Mika<io  locomotive  over  a  varied 
prolili- 1)1'  coriHiilcruMi-  l<'nglli  with  a  trniu  load  of  7590  tons. 

*  Uu-<iiiuitivt'  OiHTiiluiii  luul  Tniiii  Control,  A.  J.  Wood,  p.  41. 


CHAPTER  IX 
BLECTRIC  TRACTION 


Introduction.  Because  of  the  rapid  dcvclopmont  of  int«r- 
urban  clectrir  railroads,  tiip  rlectrifination  of  portions  or  tlio  whole 
of  steam  trunk  hne  railways,  and  the  electrififfttion  of  tenninals, 
and  the  importaiil  place  that  electric  traction  will  take  in  future 
railways,  it  seems  necessary  U>  consider  briefly  the  pi'rfonnance 
of  electric  motors  when  applied  as  motive  power  for  railway 
operation.  Under  certain  conditions,  which  will  Iw  mentioned 
later,  electric  traction  ha«  derided  advantages  over  steam  loco- 
motives, and  a.s  these  advantages  become  better  understood, 
electrification  M-ill  probably  be  employed  to  a  greater  extent  than 
at  present.  However,  at  the  present  state  of  development 
electrie  motive  power  has  not  been  proved  superior  to  steam  for 
all  conditions,  and  the  failure  to  electrify  steam  roads  generally 
haa  a  more  rational  basis  than  the  consen'ntism  of  managing 
oHieers.  it  is  manifestly  impossible  to  consider  in  this  con- 
nection the  many  phases  of  eleetric  traction,  consequently  the 
dUcuBsion  will  be  limited  to  a  very  brief  statement  of  a  few 
facts  related  to  the  subject  of  railway  location. 

Conditions  Favorable  for  Electric  Tractioa.  \r\  the  eariy 
development  of  railways,  there  was  much  difference  of  opinion 
as  to  whether  locomotives  should  lie  UAiid  for  motive  power,  or 
whether  stationary  engines  should  Ijc  employed,  it  being  pro- 
po6cd  to  place  the  latter  at  comparatively  aliort  int<?rvala  and  to 
draw  the  trains  by  means  of  cables  from  the  stationai^*  power 
plants.  Electric  traction,  in  a  way,  goes  back  to  that  primitive 
scheme  in  that  large  stationary  plants  are  uwhI  In  generating 
power,  but  electricity  instead  of  cables  B  used  to  conv^  the 
power  to  the  train. 

The  cliaraet eristic  features  df  fllMlrir  traction  when  naed  to 
operate  a  railway  aj«  compiired  to  steam  traction  are: 

1.  Large  Incn'O^-  in  initial  investment  due  to  cost  of  power 
plant  and  (niii.-'ml«ion  lines  and  more  costly  rolling  stock.  This 
.oondition  results  in  bea\-}'  fixed  charBn* 
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2.  EcoDomy  in  fuel  consumption  and  in  pngine  expenses. 

3.  Uifchcr  speed  ran  be  maintained  with  hoavj-  train?  on 
acoount  of  the  large  drawbar  pull  at  high  speeds,  triLfa  rcsulLiog 
increased  capacity  of  the  road. 

The  above  briefly  stated  facts  would  indicate  that  very  busy 
railroads  carr>-ing  heavy  traffic  where  the  full  capacity  of  the 
power  plant  and  tranamiasion  lines  could  be  utilized  nearly  uni- 
fonnly  all  the  time,  electric  traction  may  present  opportunities 
for  economy,  but  for  Ught  traffic  railways,  where  the  capacity  of 
the  plant  cannot  l>e  used  all  the  time,  the  fixed  charges  would 
more  than  counterbalance  anj*  economies  that  might  be  effected 
in  operating  expcnHen.  Tlie  one  great  advantage  residting  from 
electrification  is  increased  capacity  of  the  railroad,  and  unless 
the  traffic  is  at  hand  to  be  transported  electric  traction  will  not. 
in  general,  l»e  found  economical.  With  steam  U»comotivt»a,  each 
unit  is  operated  as  the  need  requires,  consequently  the  service 
is  much  more  clastic  than  with  electric  traction. 

Electric  traction  is  clearly  desirable,  then,  for  roads  having 
many  trains  with  frequent  stops,  such  as  elevated  and  rapid 
transit  railways  in  cities,  ami  for  roads  where  power  is  cheaply 
available  at  one  p«jint,  as  from  hydro-electric  plants.  It  is  not 
econoiiiicul,  in  general,  for  trunk  lines  operating  under  nornial 
conditions  of  traffic  nor  on  branch  lines. 

Sometimes  other  considerations  than  economy  enter  to  make 
eledfcrie  traction  desirable,  such  as  to  avoid  smoke  in  busy  ter- 
minal!! in  large  cities  and  to  afford  better  ventilation  on  tunnel 
linea. 

In  cases  where  increased  capacity  is  necessary  and  can  only 
bo  ft(.*coinp]iKlK'd  by  a  lai^  outlay  in  grade  reduction  and  line 
improvement,  electrification  may  offer  a  more  economical  me.ans 
of  securing  the  reqniit'^d  increase  in  capacity. 

Advantages  and  Disadvantages  of  Electric  Traction.  The 
following  lulvuntagcs  of  electric  tructiou  as  applied  to  railwaj's 
may  be  nienlioned: 

1.  Comfort  of  passcngei-s  increased  due  to  greater  cleanliness 
and  bcKor  vcnlilation. 

2.  Higher  spee<is  can  be  maintained  with  efficient  operation. 

3.  Mure  frequent  service  owing  to  necessity  of  as  nearly 
constant  draft  on  the  power  plant  as  possible. 

4.  lM.-ouomy  in  fuel  because  of  greater  efficiency  at  station* 
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ary  power  plant  in  the  consuiuption  of  fuel-  An  ordinary  steam 
locomotive  oonsumf>7<  approximately  5  lbs.  of  coal  per  horsepower 
hour  while  the  stationarj-  plant  consumes  about  3  lbs.  However, 
improved  locomotives  with  the  brick  arch  are  said  to  have  reduced 
fuel  conimmpLion  to  les-s  than  o  llw.  per  horsepower  hour.  On  the 
Manhattan  Elevated  Railwar,  the  fuel  consumption  per  unit  of 
traffic  was  reported  70  per  cent  greater  with  steam  lootmuilives 

»thati  with  electric  traction.  Moreover,  a  lower  grade  of  coal  can 
be  tiaed  in  the  well-arranged  stationan.-  plant  than  on  locomotives. 
However,  a  considerable  portion  of  this  greater  efficiency  in  the 
con:Aumption  of  fuel  ia  not  realized  at  the  drawbar  because  of 
Irmifimission  losses.  Perhaps  an  economy  of  10  to  15  per  cent 
in  fuel  consumption  may  be  realized  at  the  drawbar  tmder  favor* 

»able  conditions. 
5.  More  satisfactor>*  control  of  trains  because  of  improved 
brakes  and  more  ready  control  of  power. 

16.  Decreased  cost  of  engine  repairs,  amounting  to  18  per  cent 
on  the  New  York  Central  at  New  York  •  and  about  33  pQt  cent 
on  the  Pennsylvania  at  the  same  place. 
7.  Decrease  in  wages  of  train  crews. 
8.  Increased  lon-mileaRc  per  locomotive  per  year  owing  to 
the  greater  rapidity  of  movement  of  electric  locomotives,  amount- 
ing to  25  per  cent  on  the  New  York  Central.*    This  results  also 
from  decreased  deleutiuns  on  account  of  the  locomotive  repairs 
■  and  not  stopping  for  fuel  or  water.  ^ 

9.  Decreased  dead  ton-mileage  owing  to  larger  proportion  of 
weight  of  locomotives  on  drivers.     Where  motors  are  on   the 
axles  of  the  cars,  the  dead  ton-milfage  is  reduced  to  a  minimum. 
M         Some  of  the  disadvantages  of  (■lectric  traction  arv: 
m         1.  High  initial  cost  of  installation  with  the  accompanying 
high  fixed  charges,  including 

a.  Coat  of  the  power  plant. 

6.  Co6t  of  traiismissiun  line,  both  first  cost  and  main- 
tenance. 

c.  Increased  cost  of  locomotives,  a  steAm  locomotive 
costing  about  $25,000  and  an  electric  locomotive  alxiut 
$45,000. 

d.  For  existing  roads,  the  loea  due  to  change  of  facilities 
for  caring  for  locomotives. 

•  Proc.  A.I.E.E.,  Vol.  XXVI,  p.  1776. 
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2.  Tlic  losses  of  tj-aiisinLsaion  of  power  from  the  power  plant 
to  train. 

3.  The  difficulties  incident  to  the  transmission  of  power 
berausi^  of  aloniis.  t't<:. 

4.  For  light  traffic  or  moderate  traffic  railroads,  the  total 
cost  of  operation  per  traffic  unit  is  higher  than  with  steam  loco- 
motives. On  the  Annapolis  Short  Line,  the  cost  per  t-ar-milr 
was  28.5  rents  with  elL-ctrir  lottjniotivr.s  an  against  23.1  cents 
with  steam  locomotives  before  electrification,  making  a  diffcr- 
ont-e  in  operating  costs  of  5.4  cents  per  ear-niile.  When  fixed 
charges  wcrr  (niusidered,  the  total  cost  was  alwut  16.6  cents  per 
car-mile  more  under  electric  than  under  steam  traction.* 

Motors.  The  function  of  the  motor  is  to  receive  the  electric 
encrgj'  from  the  diwlribuling  Hiif  and  to  ronvert  it  into  drawbar 
pull  at  the  desired  speed.  The  motor  is  the  essential  clement 
so  far  ns  i>crforrnancc  and  other  questions  that  may  afTert  align- 
ment and  grades  are  concerned.  Almost  any  tractive  power 
desired  can  be  obtained  by  the  use  of  a  suHJeient  number  and 
large  enough  motors,  and  frequently  questions  of  location,  e-uch 
OS  gradient,  resolve  ihemsflves  into  clifMising  heavier  motors  or 
spending  more  money  in  improving  the  line. 

Motors  for  traction  service  may  be  claaajfied  oh  follows: 


A.  Direct  Current 

1.  Series 

2.  Shmit 

3.  Compound 


B.  Alternating  Current 
I.  Polyphasi' 

1.  Induction 

2.  Synchronous 
II.  Single  phase 

1.  Series 

2.  Induction 

3.  Synchronous 

4.  Kepulsion. 


Direct-current  motors  have  been  used  from  the  beginninjt  of 
electric  traction,  usually  operating  on  about  (iCH)  volts,  tlie  poten- 
tial between  the  contact  lino  and  the  rail  being  usually  550  to  6G0 
volts,  although  1200  volts  and  even  2-100  volts  have  been  used  to 
some  extent.  The  higher  voltage  has  advautages  for  heavy 
traction. 

•  Proc.  A.I.E.E.,  Vol.  XXVH,  p.  1186. 
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The  series  motor,  either  direct  or  altcrnatiiiK  current,  has  been 
quite  generally  used  lor  niilniod  wnrk  owing  tn  the  fact  iliat  it 
has  a  strong  starting  torque,  or  high'tractivp  effort  at  starting. 
The  tractive  effort  of  series  motors  falls  off  rapidly  as  the  speed 
increaseiit,  varying  alinost  inversely  as  the  speed.  For  mcist  con- 
ditions such  a  motor  meets  the  netnl  becauf^e  the  demand  for 
drawbar  pull  decreases  with  the  speed  under  normal  conditions. 
The  chief  object  ion  to  the  wrirs  ni()t<)r  of  the  direct- current  type 
is  the  expense  of  the  distributing  sj-stem. 

The  three-phase  Inductiou  motor  is  esaentially  a  constant- 
speed  motor,  variations  of  speed  being  accomplished  only  by 
methods  that  are  w.'jsteful  of  power.  The  .sptr<;d  of  synchronous 
motors  IH  directly  proporllonal  \u  the  frequency  of  the  impressed 
electro-motive  force  and  inversely  to  the  number  of  poles,  being 
independent  of  the  load. 

The  repulsion  motor  is  wmilar  in  construction  to  the  single- 
phase  series  motor  and  ha.s  a  good  starting  torque. 

The  efficiency  of  a  three-phase  mot<jr  is  high,  higher  than  ia 
generally  ()btaine<l  from  other  tyix's,  being  al)out  91  |x;r  cent  aa 
against  OU  and  87  per  cent  for  direct-current  and  single-phase 
motorH  respectively.  With  thn:;e-pha.se  motors,  current  can  lie 
conveniently  restored  to  thi^  line  by  electric  breaking.  The 
chief  disadvantages  of  this  type  of  motor  are  (I),  it  is  essentially 
&  one-«peed  machine,  (2)  starling  torque  Ls  low  and  efficiency  at 
irting  are  low,  (3)  the  toi-qiie  varies  as  the  s(inare  of  the  im- 
voltage,  consequently  variations  in  line  losses  greatly 
Tcct  the  ojwration. 

Power  of  Motors.  The  power  of  electric  motors  is  usually 
expresseil  in  terms  of  kilowatts,  0.74l>  kilowatt  Ix-ing  equivalent 
to  one  horsepower.  The  power  of  a  motor  is  the  rate  at  which 
it  transforms  electrical  energy  into  mechanical  energy  and  is 
measured  l»y  the  product  of  (he  electro-motive  force  and  the 
current  in  the  case  of  direct-current  motors,  and  this  quantity 
times  the  prmer  fai^tor  for  alternating-current  motors.  The 
power  factor  is  the  cosine  of  the  angle  of  phase  Ix'tween  the  elet;tro- 
motive  force  and  the  current  in  tlie  case  of  alternating  currents, 
and  is  u.sually  aUmt  O.HTi  fur  thnH*-pha.s<>  cum?nt,  although  this 
may  \)fi  slightly  increased  for  railway  work. 

Since  it  is  impractical  to  build  motors  which  will  operate 
at  as  low  a  speed  as  the  driving  wheels,  it  being  therefore  not 
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^^^B       desirable  to  attach  the  motors  directly  to  the  axles  of  the  drivers 
^^^B        it  is  necessary  to  introduce  a  sinf^lc  reduction  ffeariiiK  bptwo«'n 
^^^1         (he  motor  ghaft  and  the  driving  axle.     The  gear  rntio  is  the  ratio 
^^^1        between  the  number  of  teeth  in  the  gear  and  the  number  of  teeth 
^^H        in  the  pinion,  or  is,  iii  K<^nera)p  the  ratio  between  the  Bpeed  of 
^^^B         the  motor  shaft  and  that  of  the  driver  axle.     Obviously,   the 
^^^K        speed  of  the  car  varies  inversely  and  the  tractive  effort  varies 
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^^^        directly  with  the  gear  ratio.    In  Fig. 
^^^B        teristic  cutvcb  of  a  direc (^current  mc 
^^^K        horHPpDwnr  nt  {>o  amperes,  600  volts. 
^^H            Motor  Rating.    Omng  to  the 
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surrounding  air,  the  surrounding  air  not  exceeding  25**  C.  This 
method  of  rating,  although  arbitrary,  has  been  m  use  for  a  number 
of  years,  and  whih;  not  giving  niitu-ssarily  the  exart  capacity  of  a 
motor  for  all  elasses  of  service,  is  a  ronvenient  measure  of  capacity 
and  fumishca  an  idea  of  the  relative  sizes  of  motors.  The  heating 
of  a  motor  in  service"  depends  upnn  tho  nature  of  the  servicr,  such 
as  weight  of  train,  schedule  speed,  number  and  duration  of  stops, 
profile  and  alignment  of  road,  and  the  potential  of  the  line. 

Owing  to  the  fact  that  the  insulation  of  a  motor  detcrinratea 
rapidly  if  heated  above  a  certain  temperature,  somotimes  a 
momentary  and  a  continuous  rating  are  given  to  electric  motors 
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for  traction  service.  It  recpiireR  a  considerable  time  for  motors 
to  reach  the  temperature  at  wliicli  the  insulation  is  <lamaged, 
hence  the  temporary  or  starting  rating  may  be  greater  than  the 
hour  rating,  and  the  continuous  rating  may  be  somevvliat  less  tlum 
Ihp  hour  rating,  the  rontimious  rating  U-ing  the  output  which 
motors  can  give  continuously  without  injurious  heating.  In  the 
earlier  locomotives  no  attention  was  paid  to  the  contiimous 
rating,  the  service  being  of  an  intprmittent  character,  the  runs 
between  stops  being  short,  hence  chief  stress  was  laid  on  the 
starting  and  accelerating  tractive  capacity.  With  the  exten- 
sion of  electrified  lines  it  was  found  necessarj'  for  the  locomotive 
to  deliver  a  continuous  output  for  long  periods  of  time,  and  as 
rtfiult  air- ventilated  motors  were   introduced   with    firepro(tf 
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insulation  in  ordnr  to  krrp  I  ho  sizn  uf  ilie  inntora  within  the 
liniitB  of  the  rolling  stfx^k,  anil  ihe  rating  is  commonly  given  on 
a  continuous  ba.si$. 

B(K-aus£!  (if  tlu'  lii-ating  of  thn  mntora  whnn  suhjettted  t<j  licavy 
load  for  a  long  period  of  time,  electric  loootnotivfs  cannot  be 
given  so  high  a  rating  ovei*  long,  heavy  grades  as  over  a  more 
choppy  pntfiU;.  This  condition  is  illu.stnited  in  Fig.  IG,  which 
slujws  the  ratio  of  the  trailing  load  to  the  weight  of  the  locomotive 
for  grades  of  ditTcrent  lengths.  "  Short  grades  "  would  represent 
an  occasional  gnidc  of  20(tn  fl.  or  less  in  li;ngtb  with  a'.nple  ibne 
for  cooling  of  the  niotflrs  bctwei'n  gra<les.  Where  lon^  grades, 
i.e.,  two  to  three  miles  in  length,  are  encountered,  the  rating  is 
nccessMirily  <lecrc!ise<l,  and  for  mntinuous  grade  condiiiuiiH  it 
must  bp  still  birther  reduced. 

Electric  Locomotives.  For  freight  hauling  both  on  electrified 
lines  :i[iil  on  industrial  railways,  elpctric  Ituroniotivcs  are  il<^1, 
and  they  are  coming  into  ubc  for  passenger  ser\'icc  to  some  oxtont, 
eapecially  on  electrified  districts  of  steam  railways.  Steam  loco- 
motives are  primary  energ>'  generators,  whereas  electric  locomo- 
tives racmly  apply  the  energy  delivered  to  them  from  the  power 
plant.  Steam  locomotiveji  are  subject  to  certain  limitations  in 
n^anl  to  their  ability  to  generate  power  and  to  nUier  limitations 
in  regard  to  their  ability  to  apply  to  traction  the  power  that  they 
generate;  electric  loconiolivca  arc  subject  to  limitations  in  regard 
to  converting  energj*  anil  to  the  same  Umitatinns  as  the  st,eani 
locomotive  in  regard  to  applying  the  power  to  traction.  The 
power  of  a  8tt;am  locomotive  is  limited  chiefly  by  the  flteauiiug 
capacity  of  the  boiler,  while  an  eUx^tric  locomotive  may  l>e  built 
to  convert  electrical  to  mechanical  energy  al  an  almost  unlimited 
rate,  for,  O-tic^h  axle  being  supplied  willi  u  motor,  It  is  only  nec^ettsary 
to  provide  enough  axles  and  the  tractive  power  may  l)c  increased 
almost  iiulclinilely. 

Electric  locomotives  are  as  yet  in  the  developmental  sUigfi 
to  a  great  extent  and  have  not  reached  that  standardization  of 
design  that  is  charaj-teristic  of  steam  locomotives,  and  they  atill 
lack  much  in  definiteness  of  design  and  performance'  that  is 
posscsstKl  by  the  latter.  Not  only  electrical  i)rol4ems  are  to 
be  solved  in  the  design  of  the  motor,  etc.,  but  the  mechanical 
design  of  the  framework  and  arrangement  of  machinery  constitute 
a  difiioilt   problem.    For  example,   loo  low  renter  of  gravity 
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and  too  rigid  frame  are  elements  that  are  sure  to  make  the  electric 
Ifxxtmotivp  ride  the  track  badly  and  also  to  1m^  hard  on  the  track. 
So  far  as  the  m?rhanicid  arrangement  is  concerned,  ex[x-.ienoe 
has  showu  the  itiore  nearly  the  design  is  similar  to  that  of  the 
Bt^'-ani  locomotive,  the  more  satisfactorily  the  hicomotive  will  ride 
the  track.  The  Pennsylvania  R.  R.  electric  locomotives  have  even 
retained  the  conncctinK  rod  and  side  bar  in  order  to  make  the 
diatrihiition  of  weight  and  the  actiuii  similar  to  the  corresponding 
features  of  the  steam  locomotive. 

The  main  characteristics  of  electric  locomotives  that  affect 
railway  location  directly  arc: 

1.  Their  ability  to  exert  full  drawbar  pull  up  to  high  speeds 
onablei)  them  to  have  a  greater  transporting  capacity  per  loco- 
motive. 

2.  The  limiting  factor,  aside  from  the  driving  mechanism,  of 
an  electric  locomotive  is  that  it  must  Icsc  only  such  power  in  the 
motor  in  the  general  avernge  aa  to  keep  it  within  safe  healing 
limits. 

3.  The  electric  locomotive  is  most  efficient  generally  at  com- 
paratively high  Bpeeds,  and  hence,  its  eronomica!  speed  ia  higher 
tlian  for  steam  locomotives.  To  realize  the  economies  possible 
by  ulcctrificatiun,  therefore',  operating  methD<is  mu.^t  bo  altered 
60  as  to  take  advantage  of  the  maximum  efficiency  conditions 
of  the  electric  locomotive. 

4.  Somewhat  greater  adhesion  to  the  rails  is  said  to  be  obtained 
owing  to  the  cnnstant  torque  of  the  motnrs  and  also  l>ecauf!e  of 
the  gi'cator  proportion  of  weight  on  the  drivers. 

Perhaps  the  most  i-ecent  type  of  electric  locomotive  cou- 
elruction  for  trunk  line  serN'ice  is  that  used  by  the  C,  M.  &  St. 
P.  Uy.  on  the  clertrificjition  of  it.s  line  from  Harlowtown,  Mont., 
to  Aver>',  Idaho,  a  distance  of  140  miles.  This  locomotive  with 
a  gear  ratio  of  2.45  is  used  for  passenger  service  and  with  a  gear 
ratio  of  4. .50  for  freight  serviw.  The  drawbar  pull  is  72,000  lbs. 
for  the  operating  speed  of  loj  M.P.II, 

A  similar  locomotive  used  on  the  Norfolk  and  Western  Ry. 
with  a  total  weight  of  440,000  Ihs.,  400,000  Ix'ing  on  the  drivers, 
has  a  tractive  effort  of  114,000  lbs.  at  starting  and  S6.000  lbs. 
at  14  M.P.H.  On  a  test,  it  actually  d<>v«lDped  a  pull  of  170,000  lira.* 

The  gearless  type  of  locomotive  used  by  the  New  York  Central 
*  Journal  W.  tioe.  Ens..  Apr.,  L91fi. 
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Rr-  hM  A  ki^  MecftAMCii  fKfJTMfj  (93  per  ccot).  bot  operates 
■t  aani^  efciuw.j  ai  30  to  «>  M J*^.,  and  hence  is  best 
■ApfffJ  far  aerriee  anr  an  eagr  profile. 

Tke  declne  liiiiMrtii *  for  lae  i»  the  tunnels  d  the  Penn- 

tyliMiia  R.  B.  at  Xew  Toit  were  desipiecl  to  accelerate  a  train 
,  ai  550  tens  oo  a  1.93  per  eent  gnde  in  the  tunnela.  In  actual 
opctmtkM  thejr  finfiB  bIIj  fct  850  tcna  on  thia  grade,  and  trains 
«e«Khiag  ow  1000  tav  are  handbrt  without  difficulty.  Each 
liNiHiiiin  IB nm  orer  an  inapeetioo  pet  ooec in  24  hours,  and  after 
nmning  3000  txak^  it  is  taken  into  the  diops  for  complete  iospcc- 
taoo  and  adjtstment.  It  is  taken  into  the  shops  for  general 
repftiis  after  about  90jOOO  to  112,000  miks.  After  33  locomotives 
had  been  in  use  for  four  years,  the  deteotiua  record  mu  as  follows: 

Loeomotive-inifes 3,&I7,746 

Total  engine  failnresc 46 

Total  minutes  detention  to  trains. 271 

Looomotive-miles  per  minute  detention . .        14,667 

The  C.,  M.  A  St.  P.  Ry.  made  a  aeries  of  tests  in  November, 
1915.  which  gave  interesting  results.  The  locomotive  weighing 
2S4  tum>  took  an  ore  train  with  4660  (on^  trailing  load  dnwn  a 
1.0  per  cent  grade  at  a  maximum  speed  of  25  M.P.H.,  reducing  to 
16  M.P.H.  on  a  heavy  cur^'t:  and  to  a  miminum  of  7  M.P.H. 
Regenerative  braking  was  applied  returning  21  per  cent  of  the 
current  to  the  line  at  2200  volt*,  equivalent  to  52.5  per  cent  at 
3000  volts  at  wliich  the  locomotive  is  suppoee<I  to  operate.  The 
locomotive  took  the  same  train  up  a  0.4  per  cent  grade  at  the  low 
voltage.  (The  test  was  run  on  the  2200  volt  line  of  the  B.,  A.  A 
P.  R.  R.,  the  power  not  being  available  on  the  C,  M.  &  St.  P. 
line.) 

The  characteristics  of  two  common  tyi)e8  of  electric  loco- 
motivcH  are  Hhown  in  Fig.  17.  {a)  represents  a  0-6-6-0  type  of 
locomotive,  weighiTig  151  tonn,  use<l  fur  heavy  mountain  grades. 
It  h&n  a  (rear  reduction  of  4.36,  has  a  rated  tnictive  effort  of 
41,000  lbs.  at  11  M.P.H.  at  600  volts  with  1700  amperes.  (6) 
is  the  gearU"**  2-8-2  tyin.*,  weighing  100  tons,  and  listed  for  fast 
passenger  ecrvice  on  the  N.  Y.,  N.  H.  &  H.  H.  R.  With  3050 
amiH^rpM  at  600  volu*,  it  hiut  a  ratftd  tractive  effort  of  20,500  lbs. 
»t40M.P.U. 

*  Sy.  Agt  0<utU€,  Sept.  17,  1915. 


tech  has  charat^tcrtstim  that  fiL  it  for  stictK-  purtiuular  class  of 
Bervice,  and  these  charactflristics  ahould  l>e  studied  in  connection 
with  a  proposed  revituoa  of  line  or  grade  of  a  railroad  and  in 
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connection  with  a  proposed  location.  P'ig-  IS  Uikcn  from  a  pApcr 
by  Mr.  C.  L.  Muralt,*  shows  tlu!  ('iimjmnilive  ptrformancc 
characteristics  of  various  type.s  of  locoitiotives,  including  the 
New  York  Central  direct  current,  the  N.  Y.,  N.  H.  &  H.  single, 
phase  altrriiiiling  rurrcnt,  two  thrrc-phiLsp  jLllernatinK  current, 
a  Pacific  tyjje  of  steam  locomotive  of  the  Southoni  Pacific  Ry., 
and  Atlantic  tjT>c  of  the  New  York  Central  and  a  coasoUdutioii 
type  of  the  Delaware!  and  Hudson  Ry.  All  of  these  curves  begin 
at  a  point  corresponding  to  the  niaxinmm  tractive  effort  obtain- 
able by  adhesion. 

Electrification  doubtless  will  \h'.  used  more  and  more  in  the 
solution  of  transportation  problems  in  the  future  and  it  is  impor- 
tant that  railway  engineers  should  appreciate  its  possibilities. 

•Proc.  A.  I.  E.  E.,  1008,  p.  115- 
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ROLLING  STOCK  AS  AFFECTING  ROADWAY 


Introduction.  That  the  character  of  the  sen'ice  to  be  rendered 
and  the  weight  and  cjipacity  of  rolling  stock  to  Idc  used  will  have 
a  direct  and  important  be-arlug  upon  the  choice  of  alignmeiit 
and  the  treatment  of  ^adient«  and  cur\'nture  is  obvioua.  The 
increased  size  of  freight  and  passenger  cars,  the  improved  draft 
gfiar  and  the  recent  developments  in  the  air  brake  have  modified 
to  a  considerable  extent  the  results  to  he  striven  for  in  railroad 
location.  The  operation  over  grades  and  around  curves  have 
been  influenced  by  the  two  last  items  e«[)eciaUy.  The  iucre-aae 
in  the  pay  load  as  compared  with  the  tare  weight  of  cars  made 
poflsiblc  by  the  user  of  high  capacity  cars  as  well  as  the  resulting 
increased  train  loaii  are  matters  of  importjince  in  thiff  connection, 
ITie  length,  rigidity,  flexibility  and  other  physical  profjcrtiea  of 
traiuB  that  may  affect  their  behavior  aa  they  paa8  over  the  line 
have  a  decided  influence  on  iho  problem  of  location. 

Freight  Cars.  The  average  laijacily  of  freight  e&n  (*'  goods 
wagons")  in  Kiigland  is  about  8  or  10  tons  and  in  Ciermajay 
they  average  14  tons.  These  small  sizes  of  freight  cars  arc  well 
adapted  to  the  quick  delivery  freight  service  of  those  countj-iftti. 
Altout  1880  Ihe  capacity  of  freight  tars  in  America  was  10  to 
15  tons,  and  it  was  not  until  comparatively  recent  years  that 
railway  managers  Iwgan  to  appreciate  the  economy  of  the  large 
capacity  cars,  especially  ae  applied  to  through  car-load  service. 
Statistics  uf  the  Inlcrslatc  Commerce  Commission  show  that 
the  numlwr  of  freight  cars  in  the  United  States  increased  from 
1,520,000  in  VJQ2  to  2^60,000  in  1013,  and  that  the  average 
capacity  inrrcjisi'd  in  tht:  simie  [H!ri<Kl  from  28  tons  to  39.1  Ions, 
representing  an  increase  of  40.4  per  cent  in  number  and  30.7 
jier  cent  in  caimcity.  In  1013  the  average  capacity  of  freight 
cars  was  as  follows: 
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The  ratio  of  the  pay  load  of  cars  to  their  dead  weight  has 
greatly  increuaeU  with  the  capacity  of  the  cars.  Iq  1880,  tlie 
25-ton  car  had  a  dead  weight  of  12.5  tons,  which  made  the 
ratio  of  capacity  to  dead  weight  1  :  2.  The  modern  100,000 
lb.  capacity  car  weighs  about  37,500  lbs.,  making  a  ratio  of  dead 
weight  to  capacity  of  1  :  2.7. 

Table  XX  shows  the  weights  and  principal  dimension.-  of 
freight  cars  of  the  C,  M.  i  St.  P.  Ry.  and  Fig.  19  shows  their 

TABLE  XX 
WEIGHTS  AND  WHEEL  SPAClNQS  OF  CARS 
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rating  in  terms  of  Cooper's  loadings  with  respect  to  momenta 
caus(Kl  in  various  spans. 

Passenger  Cars.  While  the  charade riatics  of  passenger 
caxs  in  general  do  not  have  a  vital  licaring  on  the  primarj'  features 
oS  location,  they  do  require  consideration  in  connection  with 
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oertain  miBor  features  such  as  ctearuess  of  side  structures,  limit- 
ing run'ature,  etc.  Pa-swnger  care  have  (treatly  increased  in 
weight  aiirl  length  within  the  past  few  years.  Steel  coaches 
increased  in  number  from  625  in  1909  to  7271  in  1913,  or  over 
lOOfl  per  cent,  and  Ihi*  change  to  pteel  equipment  is  progressing 
even  more  rapidly  at  the  present  lime.     A  steel  passenger  coach 
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costs  frnm  $12,000  to  $25,000,  whilt!  a  wooden  coach  of  similar 
dimen»ionB  costs  from  $6000  to  $12,000.  The  weight  of  a  wood 
coach  is  about  85,000  to  125,000  lbs.  and  the  weight  of  a  st«el 
coach  of  corresponding  dimensions  is  about  30  per  cent  greater. 
It  is  estimated  that  about  15  to  20  per  cent  more  power  is  required 
to  pull  the  Htcel  i>as.songor  coach  than  the  woihIcu.  Table  XX 
shows  the  principal  dinienBiuns  and  weights  of  C,  M.  &  St.  P. 
Ry.  passenger  coaches  and  Fig.  19  gives  the  rating  of  these  io 
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torms  of  Cooper's  loadings  for  different  iipans.  The  nriaxiinum 
width  of  passenger  coaches  is  about  !1  ft.  6  ins. 

Economy  of  Large  Cars.  Where  the  vohinie  of  trafhe  and 
the  si7x>  of  tlio  individual  shipment  are  such  as  (o  make  it  pos- 
sible to  secure  full  car  loads,  the  large  capacity  freight  ear  a<'com- 
pUsheg  a  marked  economy.  However,  where  hglit  car  loads  are 
the  rule  due  to  Hght  traffic  or  to  the  demand  for  quick  deliver}', 
the  smaller  cars  are  decidedly  advantageous.  The  railroads  of 
ftermany  and  P'ngland  use  Hinull  cars  for  their  freight  traffic, 
which  is  esfientiaUy  of  the  small  order,  or  i-etail,  nature  and  thus 
avoid  the  half-filled  large  cars. 

The  chief  economy  resulting  from  the  use  of  high  capacity 
cars  lies  in  the  reduction  of  the  length  of  train,  or  of  the  number 
of  trains  required  to  handle  a  given  amount  of  traffic.  These 
Itenefits  may  be  statini  as  f()How8:  * 

1.  A  smaller  numlxr  of  cars  is  required  to  transport  a  given 
amount  of  freight.  This  requires  a  smaller  investment  in  equip- 
ment, less  work  in  the  car  si^rvire  department,  and  decreases 
the  emptj'  car  movement  in  the  direction  of  hght  traffic.  The 
capacity  of  the  road  may  lie  tlius  increaHctI  since,  if  the  maximum 
number  of  trains  arc  run,  an  increase  in  car  capacity  causes  a 
proportionate  increa.se  in  total  capacity. 

2.  A  saving  in  the  wages  of  train  un<l  engine  cmws  is  effected, 
since  this  item  varies  directly  with  the  ntmiber  and  mileage  of 
trains  and  not  with  the  tonnage  hauled. 

3.  A  sanng  in  repairs  to  cars  and  loeomotives  result*  due 
to  the  stronger  construction  made  necessary  in  the  larger  equip- 
ment. 

4.  Larger  cars  reduce  the  atmospheric  and  track  rcijistanco 
per  ton  of  load. 

5.  They  occupy  less  track  space  in  yards  and  terminals. 

6.  Switching  cliargcs  are  reduced  owing  t<i  the  decreased 
munl>er  of  cars  handliHl. 

lA-onomtes  resulting  from  the  use  of  cars  having  a  higher 
capacity  than  thoee  now  in  uae  are  problematical.  Owing  to 
the  fact  that  higher  cai)a<'ily  would  mean  greater  distant  between 
,  tnicks,  and  since  the  stresses  in  the  supporting  girders  var>'  as  the 
H  6(|Uare  of  this  distance  for  the  same  unit  loading  an  increase  in 
H  capacity  would  retjuire  more  than  a  proportional  increase  in  dead 
H  *  Haiinad  Giuette,  May  19,  1905- 
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reight  of  tlio  car.  The  wheel  conccntritiona  on  heavy  cars  are 
[already  so  liirpr  that  a  further  increase  in  this  respect  would  hardly 
eeem  desirable.  Moreover,  the  cast-iron  wheel  has  about  reached 
its  limit  ui  cjirryinR  ability,  and  heavier  cars  would  neccasitate 
the  empIojTnent  of  a  stroiiKer  wheel  construction,  which  would 
ent-ail  great  expense.  Many  other  details  of  construction  would 
have  to  be  modified  also  with  the  introduction  of  materially 
heavier  cars,  which  would  indicate  that  a  further  increase  in 
capacity  is  not  imminent. 

Weight  and  Dimensions  of  Locomotives.  Wliile  there  has  been 
a  marked  incn'a.sc:  in  the  tot  til  weight  tm  the  drivers  of  locomotives 
in  the  types  that  have  been  developed  in  this  country,  the  load 
per  axle  has  apparently  reached  a  stationary  quantity  approxi- 
mately owing  to  the  tendencj'  to  use  a  fereater  numl>er  of  drivers. 
It  is  particularly  true  that  the  stresses  in  track  and  track  stnie- 
tures  resulting  from  wheel  cuncenlrutions  have  not  greatly  in- 
creased with  the  recent  types  of  heavy  locomotives.  Table 
XXI  •  shows  the  weights  and  wheel  spacings  of  various  heavy 
locumotivee  and  Kig.  20  alioxvs  the  ratings  of  these  in  terms  of 
Cooper's  E-scries  loadings  on  the  basis  of  the  moments  in  differ- 
ent bridge  spans. 

Fig.  21  shows  the  weight  on  drivers  and  the  wheel  spacings 
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FiQ.  21.— Wlieol  Spacings  and  Axle  Loads  of  C,  M.  St  St.  P.  Ry.  Electric 

Locomotivo. 


of  the  articulated  electric  locomotive  used  by  the  C,  M.  A  St. 
P.  Ky.  over  its  electrified  line  in  Montana  and  Idaho. 

Draft  Gear.    The  draft  gear  consists  of  the  mechanism  by 

neans  of  which  one  ear  is  coupIe<i  to  another.     The  growing 

tendency  towards  heavier  train  loads  and  larger  drawbar  pull 

>oii  the  more  [mwerful  locomotives  necessitates  stronger  and  l>ptter 

'deugn  of  draft  gears.     The  automatic  coupler  was  ordered  on 

all  roads  doing  an  interstate  business  by  the  Interstate  Com- 

*  Proe.  Am.  Ry  Enx-  Amu.,  Vol.  X\l,  p.  300. 
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memo  Commission  in  18R9,  and  liy  tboir  in^rcKhnlion  Accidents 
to  employoeii  were  rediirecl  over  70  [kt  cent.  A  larRC  proportion 
of  I  Ik*  (iMinuKo  cliLiriiH  on  freight  is  due  to  the  violent  jerking 
and  bumping  of  c-jirs.  I^vb  stock  and  many  inuniniate  articles 
of  freight  arc  injured  by  rough  htindlinf;  of  tliis  sort.  Due  to 
the  nccrsanry  interchiUiKC  of  curs,  the  Miister  Car  Builders' 
Aasoniiiticm  adoptinl  standard  giMiKral  features  for  draft  gear, 
such  as  height,  universal  coupler,  etc.,  but  many  details  are  left 
to  tlio  mechanical  design  of  the  various  railroad  shops.  The 
break-in-two  a<rcidents  of  oi>pratton  which  occur  frequently  on 
down  grades  and  especially  at  the  bottom  of  such  grades  arc  the 
result  of  inadequate  iitaft  ^car.  The  following  brief  description 
will  indicate  the  development  and  the  present  status  of  draft 
gear. 

The  spring  draft  gear  consists  essentially  of  a  yoke  to  which 
the  eonpler  is  attached  iind  is  m>  arranged  as  to  transmit  the 
load  through  comprt^ssing  a  spring  to  one  of  two  "  followers," 
depending  on  the  direction  of  motion.  Although  the  spring  draft 
gear  is  still  widely  used,  it  has  been  found  lacking  in  its  ability 
to  meet  the  exigencies  of  modern  traffic. 

To  provide  fur  this  heavier  service,  the  friclion  draft  gear 
has  been  developed.  The  principle  involved  ie  that  of  trans- 
forming by  friction  the  cncrg.v  of  excessive  impact  into  heat. 
Springs  .similar  to  those  itienlioned  above  which  liave  sufficient 
stiffness  to  act  as  ordinary  spring  draft  gears  are  provided  for 
the  u.suttl  pushing  and  pulling  of  train  operation.  In  lOQS  the 
Southern  Ptieifie  Ilailway  made  some  tests  on  the  Westinghouse 
friction  draft  gear  which  are  of  interest.*  Two  trains  were 
equipped  for  comparative  tf^sis,  each  consisting  of  fifty  oil  cars 
and  a  dyiianuHneter  car.  One  Inuu  was  provided  with  the 
Southern  Pacific  tandem  spring  draft  gear  and  the  other  with 
the  Westinghouse  friction  draft  gear.  A  dynamometer  car 
and  a  slidomi-t.iT  were  used  for  the  purpose  of  obtaining  records 
of  shocks  from  buffs  and  jerks.  The  first  two  tests  were  to 
determine  tlie  relative  amount  of  slack  and  re<»il  in  the  train. 
The  amount  of  slack  wa^f  about  the  same  in  the  two  cases,  but  the 
amount  of  recoil  in  the  train  having  the  spring  draft  gear  waa 
very  mueh  greater  than  in  the  train  equipiied  with  the  friction 
gear,  the  former  Ijcing  as  a  maximum  24  ft.  or  7.3  in.  per  car 
*  liy.  Age  Gazette,  Jan.  S,  IDOB, 
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while  the  latter  was  only  5  ft.  or  1.5  in.  per  car.  The  remainder 
of  this  very  interesting  and  valuatile  scries  of  experimenta  demon- 
strated that  shocks  due  to  jerks  and  buffs  by  the  friction  gear 
were  rctluccd  to  a  comparatively  steady  force  of  about  half  the 
maximum  force  that  resulted  undt^r  the  corresponding  conditions 
with  the  tandem  spring  gear.  One  test  was  made  to  study  the 
performance  under  severe  conditions  produced  by  rough  hand- 
ling in  starting.  Thn  train  wna  liacko<I  at  a  speed  of  o  miles  p^ 
hour  to  gather  slack,  iind  when  the  slack  wn.s  bunched,  the  reverse 
lever  was  thrown  into  the  forward  position,  the  throttle  opened 
wide,  and  the  rail  sanded.  The  friction  draft  gear  showed  jerks 
from  111,000  to  127,000  lbs.,  whereas  the  spring  gear  showed 
jerks  from  185,000  lu  305.000  lbs.  In  many  of  these  tests,  the 
train  equipped  with  the  spring  draft  gear  parted,  while  in  every 
ease  the  one  with  the  friction  dmft  gear  remained  intact.  These 
figures  doubtle-KS  would  represent  the  maximum  tensile  strains 
that  draft  gear  could  be  expected  to  withstand,  although  bulling 
alruins  might  nm  na  high  a.-j  500, OtX)  lbs. 

Air  Brakes.  The  development  of  the  air  brake  hnn  had 
much  to  do  with  modern  railway  operation.  By  its  improvement 
deceleration  may  be  miuU:  iinich  inore  rapid,  the  momentum  of  a 
down  grade  can  l>c  more  safel}-  utilized  in  mounting  another 
grade,  longer  and  heavier  truins  can  be  successfully  controlled 
on  down  grades,  and  many  other  );Ienient,s  of  operation  have  lieen 
materially  altered  thereby.  The  average  running  time  of  trains 
dcpendH  much  upon  the  rate  at  which  they  can  be  brought  to 
a  stop,  for  the  average  linie  lM>1we4'ii  the  instant  when  brakes 
are  first  applierl  and  when  the  train  finally  stops  ia,  of  course, 
half  the  .speed  that  the  train  luul  at  the  time  of  application,  and 
the  longer  the  period  over  which  this  slackened  speed  obtains, 
the  greater  wilt  be  (he  loss  of  linu<  for  the  stop.  The  loss  of 
time  at  a  stop  comprises  the  lotw  due  to  slackened  speed  during 
deceleration,  the  time  of  standing  and  the  loss  of  operating 
at  less  than  full  spe^nl  during  acwieration.  Since  the  time  of 
standing  is  praetically  independent  of  train  characteristica,  the 
total  time  lost  will  largely  dejx-tid  upon  the  other  two  factors. 
Urak<>8  can  <leceleriite  u  train  much  more  rapidly  in  general  than 
the  engine  can  accelerate  it,  since  friction  acts  only  under  the 
engiiH'  in  the  latter  cum:  while  it  i^  available  under  the  entir« 
weight  of  the  train  in  the  former^  and  furthermore,  the  locomotive 
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is  pnllmK  axauist  train  reatst&nce  in  the  latter  case  while  the 
brakes  act  in  conjunction  with  train  resistance.  The  normal 
rate  of  deceleration  is  about  0.7  to  08  M.P.H.  per  second  for 
frciKbt  trains  and  about  1  to  1.5  MJ^.H.  per  second  for  passen- 
ger trains. 

The  force  that  really  stops  a  train,  of  course,  is  not  the 
friction  between  the  brake  shoes  and  the  wheels,  for  that  is 
internal  to  the  train,  but  the  adhesion  of  the  wheels  to  the  rai 
is  the  real  retarding  force.  For  this  reason,  the  highest  possibl 
retarfitng  force  results  when  the  friction  force  between  the 
brake  shoes  and  the  wheels  is  slightly  less  than  sufficient  to 
slide  the  wheels,  for  as  is  well  known,  the  coefficients  of  sliding 
friction  is  less  than  the  coefficient  of  static  friction.  The  brak- 
ing power  is  stated  in  a  scale  of  percentages,  wherein  100  per 
cent  reprtaenta  a  brake  shoe  pret«urc  on  each  wheel  equal  to 
the  pressure  of  that  wheel  on  the  rail ;  thus  85  per  cent  braking 
power  means  that  the  pressure  between  the  brake  shoe  and 
the  wheel  is  &5  per  cent  of  that  between  the  wheel  and  the  rail. 
Obviously,  for  any  given  arrangement  of  brakes,  the  braking 
[jower  would  not  be  the  same  for  loatletl  a.s  for  empty  cars.  In 
order  that  the  wheels  may  not  skid,  the  braking  power  is  usually 
fixed  in  terms  of  the  weight  of  the  cars  when  empty,  although 
both  "  light  and  load "  brakes  are  available  to  suit  eithi 
condition. 

It  is  needless  for  present  pwposes  to  attempt  a  rainuf 
description  of  the  mechani.sm  of  an  air  brake,  since  the  result 
accomplished  constitute  the  information  needed  by  the  engine 
when  studying  location  problems.  Suffice  it  to  say,  therefore, 
that  with  the  automatic  brake  on  connected  cars,  a  pipe  runs 
through  the  train,  the  pipe  Iwing  charged  with  air  from  tt 
locomotive  and  in  communication  with  a  triple  valve  und< 
each  car,  and  that  in  turn,  with  an  auxiliar>'  storage  reservoir 
which  is  charged  with  conipressed  air  for  braking  the  car  on  whi< 
it  is  carried.  This,  in  turn,  operates  the  air-brake  cylinder  whei 
ever  the  engineman  appltejj  the  air.  The  air  in  the  pijw  actually 
holds  the  air  piston  in  balance  and  the  brakes  from  the  wheels, 
so  that  if  an  accide.nt  nipture-s  the  air  pipe,  thereby  permitting 
the  air  to  escape,  the  liigher  pressure  of  the  auxiUai^  air  c>'linder 
then  acts  upon  the  piston  and  applies  the  brake.  This  is  the  form 
known  as  the  automatic  bmkc,  and,  although  it  is  a  marked 
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improvement  over  the  old  type  of  air  brake,  it  still  lacks  rapidity 
and  uniformity  of  application.  The  "  quick-action  "  brake  added 
a  method  of  venting  the  air  under  each  car  and  thus  secured 
a  rapid  and  uniforn>  application  of  the  brakes.  The  invention 
of  the  electro-pneumatic  brake  has  now  displaced  all  older  forms 
in  certain  classes  of  service  because  the  action  is  simultaneous 
throughout  the  length  of  the  train.  In  interurban  and  other 
electric  railway  service,  and  to  some  extent  in  steam  passenger 
service,  the  electric  control  has  been  adopted.  In  this  type  of 
brake  the  braking  power  attains  a  maximum  in  five  seconds 
after  application,  whereas  it  required  fifteen  with  the  most  im- 
proved type  previously  in  use. 


CHAPTER  XI 
TRAIN  RESISTANCE 

Introduction.  The  energy  generated  and  applied  by  the 
locomotive  is  applied  to  overcoming  tlie  resistiuiee  to  motion  of 
the  train.  'J^i.n  resintanre  arises  from  a  nuniljer  of  aourceB,  u 
will  be  apparent  from  the  followiiiK  brief  diseussion,  but  in  Kcoeral 
the  total  rcKiHtaiice  inchulei)  t)mt  resistance  that  a  train  encoun- 
ters on  a  kI  raip;ht  level  tmck,  and  thai  due  to  cur\'cs  and  gradients. 
A  thorough  tJiiil(Trilutiding  of  (he  nature  and  amount  uf  train 
resistance  ia  («Bential  to  the  solution  of  any  location  problem. 
Train  rcBistance  may  be  classified  as  follows: 

I.  IiitfTniil  frictioiial  re^iKtance  of  the  locomotive. 
II.  External  reiiiatanee. 

1.  Atmospheric  resistance. 

2,  Traf^k  reslHtance. 
8.  Juiiriiul  frietion. 

4.  liolUng  frit^lion. 

6.  Inertin  resistance. 

5.  Grade  resistance. 

7.  Curve  realslance. 

The  last  two  of  the  above  items  are  not  included  in  the  term 
"  train  rcNJHtancc  "  as  it  is  ordinarily  defined,  the  term  lM?ing 
cominnidy  understood  to  include  the  resistance  to  the  motion  of 
the  train  mi  straight  level  frwk,  hence  these  forms  of  resistanoc 
will  U'  dim'Uis'«:d  in  ollin-  (■lmi>tcrs. 

Internal  Resistance  of  the  Locomotive.  While  the  reststanoe 
due  lo  the  moving  niaelnnery  of  the  locomotive,  caused  by  Uie 
inertia  and  frirtion  of  the  moving  parts,  docrcascs  the  per  cent  of 
the  indicated  horsepower  of  the  cylinders  that  is  delivered  to 
the  drivers,  it  is  not  resistance  that  must  \ie  overcome  by  the 
tractive  effort  of  the  locomotive,  that  is,  by  the  avlhesion  of  the 
wheels  to  the  rails.  Hy  nieuns  nf  the  locomotive  testing  plants 
which  am  now  in  operation  in  this  country  (See  (^'hapu^r  Vlll),  the 
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internal  friclional  losses  can  lie  a<:«iimtdy  determined.  The 
indicator  cards  taken  from  the  cylinders  together  with  the  speed 
of  nitatio  nuive  the  indlrated  horsepower  of  the  cylinders,  while 
the  dynamometer  and  the  eejuivalent  wpw-d  of  translalinn  give 
the  horspower  delivered  to  the  drawbar,  and  the  difference  is  the 
amount  of  interna!  friction^  losses.  Kesiilts  of  tests  made  at  the 
University  nf  lUinoin  indicat*  that  machine  friction  varies  about 
directly  with  t  he  velocity.  * 

Some  of  the  elements  which  enter  into  the  internal  resistance 
of  the  locomotive  are  the  frietioii  in  the  crosshcad,  vaive  gear 
and  cylinders,  the  friction  of  the  connecting-rod  and  side-bar 
bearings  and  of  the  drivinK-wheel  journals,  and  the  inertia  of 
the  moving  parts  to  some  extent.  The  Ameri»;an  Locomotive 
Cfunpany  assume  the  internal  friction  to  be  Ml  per  cent  of  the 
weight  oti  the  drivei-s.  The  resistance  from  cylinders  to  drivers 
may  l>e  taken  from  the  Ameriejin  liailway  Ktigiueeriug  Association 
fonuuhi,  as, 

/e=18.7r+80JV; 

A^redstance  in  pounds,  T  the  weight  in  Inns  on  the  drivers, 
and  N  the  number  of  driving  axles. 

External  Resistances.  The  locating  engineer  is  chiefly 
concerned  with  thiiw-  reHistances  which  tend  to  nidure  the  weight 
of  train  load  that  can  be  pulled  over  a  division  by  a  locomotive, 
for  it  is  with  this  re-sistancc  that  he  must  reckon  in  the  adjuat- 
ment  of  grades  and  in  the  choice  of  alignment.  Owing  to  the 
variableness  of  conditions  affecting  most  of  the  factors  entering 
into  train  resistance,  it  is  impossible  to  derive  a  formula  or  to 
formulate  a  rule  for  freight  tonnage  rating  between  stations  (bat 
will  be  universjilly  applicable,  yet  for  the  purpose  of  comparing 
locations,  formulas  may  Iw  naetl  with  sufHcient  accuracy.  In 
order  better  to  understand  the  limitations  of  such  formulas,  a 
study  of  the  elements  that  enter  into  train  rtntistance  may  l>e 
of  value. 

;  Acmospbehc  Resistance.  Atmospheric  resistance  results  pri- 
Tnarily  from  the  motion  of  the  train,  and  comprises  the  following 
elements:  (1)  Resistance  on  the  front  end,  (2)  resistance  due  to 
suction  at  the  rear  end,  (li)  atmospheric  friction  along  the  sides 

^of  the  train,  and  (4)  resistance  due  to  a  side  wind  blowing  the 
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train  so  that  it  crowds  one  rail  thereby  increasing  the  flani^ 
friction. 

The  refiietance  on  the  front  end  in  still  air  would  be  equal  to 
the  pressure  of  the  wind  blowing  at  the  speed  of  the  train  against 
the  front  entl.  The  pressure  of  any  fluid  against  a  surface  is 
shown  in  mechanics  to  vary  with  the  square  of  the  velocity. 
Experiments  at  Eiffel  Tower  and  at  other  places  show  the  pressure 
in  pounds  of  the  wind  on  a  flat  surface  to  be  O.OOSK^j'I,  where  V 
is  the  velocity  of  the  wind  in  miles  per  hour  and  A  is  the  area 
exposed  in  square  feet.  The  pressure  due  to  wind  on  the  convex 
ade  of  a  cylinder  is  e()ual  to  two-thirds  the  pressure  on  the  pro- 
jected area,  as  may  be  shown  by  principles  of  mechanics.  The 
front  end  of  a  loeomotivc  is  composed  chiefly  of  curved  surfaces, 
consequently  the  air  pnwsure  or  resistance  may  be  taken  as 
0.002I"*j1,  V  being  the  velocity  of  the  wind  in  miles  per  hour. 
This  ia  the  value  adopted  by  the  American  Railway  Engineering 
Association  and  the  one  used  by  the  American  Locomotive 
Company,  and  was  first  proposed  by  Mr.  F.  J,  Cole  as  the  result 
of  an  extended  scries  of  observations.*  In  case  the  wind  is  blowing, 
V  may  Ijc  taken  as  the  velocity  of  the  train  relative  to  the  wind, 
that  is,  V  would  be  the  sum  of  the  velocity  of  the  train  and  of  thu 
wind  in  the  case  of  their  motions  being  in  opjioate  directions, 
and  their  difference,  if  in  the  same  direction.  The  prcasuree  of 
wind  on  flat  surfaces  as  determined  by  the  U.  S.  Signal  Service 
at  Mt.  Wasliington,  N.  H.,  varied  from  0.5  lb.  at  10  miles  per 
hdiir  velocity  to  40.0  lbs.  per  sq.ft.  at  100  miles  per  hour,  5  to 
10  llw.  bluing  the  pressure  of  un  ordinary  high  wind  and  storm, 
ntpnwftnting  a  wind  velocity  of  about  40  to  50  miles  per  hour. 

Tlu'  aniu  of  the  front  cud  of  a  locomotive  may  U;  100  to  150 
ttq.ft.,  uvrafEirig  pt-^rhaps  125  s^i.ft.  This  would  give  as  an 
average  rfiHtatanco 

Wliile  iiHwt  experiments  seem  to  indicate  that  the  total 
prcsiiMre  dntw  not  vary  din^ctly  as  the  are^  exposed,  the  above 
reuultfl  haVL-  liti-n  widely  accepted  ami  used. 

KuiihliuiiHt  dun  lo  Kuetinn  at  the  rear  end  caused  by  the  for- 
mation of  II  iHirtia)  vacuum  by  the  train  is  probably  not  more  than 
liuif  tilt:  l{^i^lHll<'t1  iit  the  head  end.  No  specific  information  in 
tUia  cuiuiucUun  Iti  available. 

*  Uaiiu<av  Aiie  Oatette,  Oct.  1,  1909^ 
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From  certain  experimente  made  at  Purdue  University,* 
Dean  W.  F.  M.  Ooss  draws  the  following  nondusions  as  to  the 
atniospheric  rrsistancc  to  rara: 

1.  The  resistance  offered  by  still  air  to  proRrcss  of  locomotive 
and  tender  runniuK  at  the  head  of  a  train  is  approximately  ten 
timea  greater  than  tliat  which  acts  upon  any  intermediate  car 
of  the  same  train. 

2,  The  pcsistance  offered  by  still  air  to  the  progresa  of  the 
last  car  of  a  train  Ik  up  proximately  two  and  a  half  times  that  whjcb 
acta  upon  an  int^nnodiatc  car  of  the  pame  train. 

Wind  having  a  velocity  of  less  than  10  milen  per  hour  ia  esaen- 
tially  Bt  ill  air. 

8ido  atmospheric  resistance  depends  upon  the  length  of  train 
and  the  land  of  cars  composing  it.  A  train  consisting  of  all 
box  cars  or  all  flat  cars  has  much  less  resistance  than  one  con- 
sisting of  flat  and  box  cars  altemaliiig.  V'cstihuling  passenger 
coaches  very  greatly  reduces  the  resistance  due  to  atmospheric 
friction.  However,  the  atmospheric  resistance  on  passenger 
trains  is  much  \css  than  on  freight  trains  generally. 

A  strong  side  wind  may  cause  more  resistance  than  a  head 
wind  inasnnich  as  it  forcoH  the  car  trucks  aK:i.inst  one  rail,  thereby 
eaumng  the  (laiig<*s  t<i  grind  on  the  gauge  of  the  rail-  l^e  resist- 
ance from  this  source  may  approximate  the  total  side  pressure 
iiiiilliplied  by  the  coeffit-icnt  of  friction  of  cast  iron  on  steel, 
or  approximately  one-fourth  of  the  lateral  area  times  the  wind 
pressure  per  square  foot.  Assuming  the  exposed  area  of  the 
average  car  an  400  s<i.fi.  and  the  coefficient  of  kinetic  friction  as 
0.20,  the  resistance  would  be  as  follows,  using  the  valuea  of  wind 
pressure  given  above: 

Table  XXII 
AIR  RESISTANCE  DLTE  TO  SIDE  WIND 


Velopil)'  ot  Wind. 

Pr««iun>  OD  C*t, 

Total  R«ii«tMM«. 

RnutiiDOT  per  Ton, 

M.P.H. 

U». 

Lbti 

LlM. 

- 

;          10 

m" 

24    ' 

0.4 

20 

480 

96 

1.6 

30 

lOSO 

21ft 

8.6 

40 

ivza 

3S4 

6.4 

50 

MKU 

COO 

10.0 

00 

4320 

tSM 

14.4 

*  "  Looomotive  Peifonnuioe,"  p.  407. 


188 


TRAIN   RESISTANCE 


As  will  be  wen  from  tho  values  of  ordinary  train  resistance 
given  Iat<?r  in  this  chapter,  the  resistance  Hup  to  a  strong  side 
wind  may  be  equal  to  or  greater  than  the  total  train  resistance 
due  to  motion  under  ordinary  conditions. 

Track  Resistance.  When  a  car  is  ninning  on  straight  level 
track,  its  trucks  oscillate  from  side  to  side  to  a  certain  extent, 
striking;  the  fJangr-K  first  on  ouc  side  and  than  on  the  other,  at 
each  impact  dampening  the  velocity  of  the  train  somewhat. 
The  condition  of  the  track  and  the  weight  of  the  rolling  stock 
have  much  to  do  with  the  nmount  of  nsistance  from  this  ttource, 
the  lighter  cars,  such  as  intenirban  passenger  cars  and  freight 
cars  being  particularly  subject  to  this  action.  The  concussions 
of  the  wheels  against  the  gauge  of  the  rails  cause  an  increase  in 
flange  friction  besides  directly  by  inipaet  impeding  the  velocity 
of  the  train, 

Lack  of  rigidity  in  trfeck  is  the  second  factor  entering  into 
track  resistance.  Low  joints,  light  rails,  poor  ballast,  and  poor 
maintenance  tend  to  increjuse  the  resistance  from  this  Hource. 
The  introduction  of  stifF  heft\->^  rails  has  done  as  much  as  any 
other  one  thing  ix'rhaps  to  decrease  this  resistance  A  large 
radius  in  the  throat  of  the  flange  and  a  small  radius  of 
curvature  on  the  head  of  the  rail  also  tend  to  decrease  track 
resistance  by  diminishing  flange  friction.  The  Maater  Car 
Builders'  standard  flange  together  with  the  trc^  of  the  A.  S. 
C.  E.  rail  section  give  good  results  in  lessening  flange  friction 
and  in  absorbing  shockti  from  lateral  concu-ssions. 

Track  resistance  varies  probably  somewhat  more  rapidly 
than  the  first  power  of  the  speed  but  not  so  rapidly  as  the  square 
of  the  velocity,  although  it  is  commonly  considered  to  varj-  as 
the  square  of  the  velocity.  The  resistance  due  to  the  .series  of 
impacts  would  vary  as  the  square  of  the  velocity,  but  that  result- 
ing from  flange  friction,  low  joints  and  similar  factors  would 
vary  more  nearly  as  the  first  power. 

Wheel  Resistance.  \NTieel  resistance  comprises  journal  fric- 
tion and  rolling  friction.  J ourn<U  friction  has  been  studied  exten- 
sively under  various  rxinditions  of  lubrication,  etc.  The  fric- 
tion of  lubricated  surfar-es  is  governed  by  laws  entirely  difTerunt 
from  those  relating  to  static  and  dry  friction,  and  dejuMids  alnictst 
entirely  u|K)n  the  lubricant.  The  coefficient  is  not  constant  but 
varies  with  the  temperature,  velocity  and  pressure.    At  ordi* 
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nary  tcmppratures,  tho  coeffinienl.  decreases  BliRhtly  with  the 
leinperature,  while  for  higher  tempcraturos,  such  as  might  occur 
in  a  hnt  box,  the  ctjofficicut  iin'n^asi's  rapidly.  At  the  higher 
temperature!-;!,  the  lubrifant  become**  so  fluid  that  it  is  squeezed 
out  of  the  bearings,  allowuii;;  the  metal  parts  to  come  in  contact 
with  earh  other  to  a  grt^aler  or  less  extent,  wliile  at  the  lower 
temperatures  the  viscosity  of  oils  is  increased.  The  exact 
temperatures  at  which  these  marked  changes  occur  vary  with 
the  different  lubrieunt^. 

The  coefficient  of  starting  friction  ia  much  higher  than  during 
motion  owing  to  the  fact  that  the  lubricant  is  squeezed  out  of 
the  bearings  while  Htiinding,  and  at.  starting  the  frirlicin  is  similar 
to  that  of  dry  bearings.  As  speed  picks  up,  the  bearings  become 
lubricated,  the  oil  is  warmed,  and,  aa  a  consequence,  the  fric- 
tion falls  off.  The  c(K'l?irient.  of  Ktarting  friction  averages  about 
five  times  as  great  as  ut  150  ft.  per  minute  rubbing  velocity, 
although  at  times  it  was  much  higher. 

The  force  requiretl  to  pull  a  wheel  forward  against  journal 
friction  will  be 

pJWr 
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where  /  is  the  cocflReient  of  friction,  TF  the  weight  on  the  wheel, 
r  and  R,  the  radius  of  the  axle  and  wheel  respectively.  With 
a  4-in.  axle  and  32-in.  wheel  and  oj^uiiiing/  as  O.OOo,  the  resist- 
ance per  ton  is  1.25  lbs. 

From  the  foregoing,  it  may  be  deduced  (1)  that  at  temper- 
atures IhjIow  frei'zing  or  near  freezing,  jouriml  friction  may  be 
much  greater  than  at  normal  temperatures  and  tliat  hot  boxes, 
on  the  other  hand,  may  ver>'  greatly  increase  journal  friction; 
(2)  the  resistance  at  starting  may  amount  to  10  or  20  lbs.  per  ton 
due  to  journal  frictifin  alone,  but  that  it  rapidly  falls  off  as 
speed  is  attained  owing  to  l>etter  lubrication  and  the  warming 
of  the  journals.  Tests  on  the  C,  K.  I.  &  P.  Ky.  with  trains 
of  35  to  45  cars  sliowed  starling  friction  as  10  to  18  lbs.  per  ton, 
the  mean  l>eing  14.1  lbs.  The  same  tests  showed  a  starting 
rcsistanre  of  30  lbs.  per  ton  when  the  train  stood  overnight 
and  6  Iba  per  ton  when  the  stop  was  practically  instantaneous. 
ig  to  the  decrease  in  the  coefficient  of  friction  for  higher 
lures,  the  resistance  due  to  journal  friction  ia  less  per  too 
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for  loaded  rars  tlian  for  emptier.  It  has  be«n  observed  also 
that  the  frirtion  at  any  speed  is  less  if  the  speed  has  been 
reduced  to  that  velocity  than  If  it  has  been  increased  to  it. 

Rolling  Frictiofi.  Wheu  a  roller  such  as  a  car  wheel  roUa 
on  a  plane,  the  face  of  the  wheel  as  well  as  the  surface  of  the 
plane  is  deformed  slightly,  and  a  portion  of  the  work  done  in 
this  deformation  is  lost  owing  to  the  motion  of  the  wheel  for- 
ward. As  it  is,  the  wheel  must  be  continually  lifting  itself 
up  a  miniature  crest  in  front  of  it,  or  what  amounts  to  the  same 
thing,  exerting  enough  force  to  compress  the  wheel  and  the  track. 
The  total  reaction  stands  at  an  angle  and  applied  to  the  wheel 
at  a  di.slanco  a  from  the  vertical  passing  through  the  center. 

Wa 
Taking  momenta  gives  the  relation  P  =  -^.     For  railroad  wheels, 

R 

the  value  of  a  has  been  found  to  be  about  0.02  in.    Using  this 

value,  P  becomes  1.5  lbs.  per  ton  for  a  32-in.  wheel.    This  force 

is  probably  independent  of  the  velocity  as  might  be  expected 

from  the  principles  of  mechanics. 

Resistance  Due  to  Inertui.    One  of  the  laws  of  mechanics  is 

that  when  an  unbalanced  force  nets  upon  n  body,  it  produces  an 

act^eleratioii  in  the  direction  of  the  force  that  is  proportional 

to  the  magnitude  of  the  force  and  inversely  proportional  to  the 

mass  of  the  body.    That  is,  if  a  lx)dy  containing  W  pounds  of 

mass  is  acted  upon  by  a  force  of  F  pounds,  the  acceleratiuu  is 

given  by  the  equation, 

n  =  ^,    or    F'=-^Wa, 

a  being  the  acceleration  in  feet  per  second.  The  coefficient  C 
is  found  by  cxixTiment  to  have  a  value  under  normal  conditions 
of  32.10.  Henw.  having  given  the  weight  of  the  body  and  the 
acceleration  desii-ed,  the  force  required  to  produce  this  accelera- 
tion in  a  distance  s  foot  is  capable  of  calculation. 
From  the  foregoing, 

'^     32.10 
MuUiplving  by  tin 

^^*"32TG'''"32Jf6d(^ 
32.lU(ir      32.1G"'' 
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^  and  V2  being  two  diflferent  velocities  in  foot  per  second.  Com- 
puting for  TV  =  2000  lbs.  or  1  ton  and  changing  feet  per  second 
to  miles  per  hour, 

Fi=^{V2^-Vi^) (1) 

o 

The  force  Fi,  however,  is  simply  the  force  which  is  required 
to  produce  the  change  in  velocity  in  translation  in  one  ton  neglect- 
ing frictional  resistances.  The  wheels  must  not  only  be  accelerated 
in  translation,  but  they  must  be  given  an  angular  or  rotational 
acceleration  as  well.  By  an  extension  of  the  above  fonnulas 
for  translation  to  apply  to  a  body  in  rotation,  it  is  found  that  the 
moment  reqiiircd  to  produce  an  angular  acceleration,  a  radians 
per  HKconil  per  second  in  a  car  wheel  is  la,  I  being  the  moment  of 
inertia  of  the  car  wheel  about  its  axis  of  rotation  in  gee-pound 
feet  squared.  This  moment  is  equal  to  Pr,  P  being  the  force 
applied  at  the  circumference  necessary  to  accelerate  the  wheel 

and  r,  the  radius   of  the  wheel,  about  16  ins.  /*-.      ,  where 

k  is  the  radius  of  gyration  of  the  car  wheel,  equal  for  the  average 
vhecl  to  about  12  ins.    The  mass,  w,  of  a  car  wheel  is  as  follows: 

600  lbs.  for  60,000  lbs.  capacity  car. 
650     "       70,000    "       "       " 
700     "      100,000    "       "       " 
700     "     passenger  coach. 
730      "     tender  trucks. 

The  total  force  required  to  change  the  velocity  in  foot  per 
second  from  vi  to  03  equals 


"U32.'64.32r'J^^"''^'>- 


.32s  '  64.32r*a;i 
ui  and  U2  being  the  angular  velocities  of  rotation. 
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The  second  term  of  the  first  quantity  amounts  to  about  8  per 
cent  of  the  first  for  unloaded  cars  and  about  2^  per  cent  for 
loaded  cars.  For  a  car  having  a  weight  T  tons  and  the  above 
dimensions  for  the  wheels,  the  force  required  to  change  ihe 
velocity  from  Vi  to  Vg  miles  per  hour  would  be  found  as  follows: 


F  = 


/2000r,    700  ^     I     \,    2       ,, 


Reducing  velocities  to  miles  per  hour  by  multiplying  by 

/5280y 

^=(5Z^+13^)(r.=_7..) (2) 

where  n  =  the  number  of  wheels; 

T=the  weight  of  the  train  in  tons; 

8  =  diatauc(!  in  feet  in  which  the  velocity  changes  from 
Vi  to  Fa  M.P.H. 

For  a  100,000-lb.  capucity  car  weighing  empty  37,100  lbs. 
tlie  pecnnd  jmrt  of  UiIk  expression  repri'senting  the  kinetic  energj' 
of  the  wheels,  is  2.3  per  cent  of  the  first  when  the  ear  is  loaded 
and  8.5  per  cent  when  empty.  The  late  A.  M.  Wellington  used 
6  per  cent  as  an  average  increase  in  the  drawlwr  pull  required  to 
accelerate  the  wheels  in  rotation.  (This  quantity  also  represents 
the  kuietic  energy  stored  in  the  wheels  due  to  rotation,  a  matter 
that  will  be  discussed  at  anotlier  place.)  Owing,  however,  to  tho 
increase  in  the  live  load  in  proportion  to  the  dead  weight  of  cars 
since  the  introduction  of  larger  cars  and  the  greater  care  exerciaed 
to  secure  more  completely  loaded  cars,  perhaps  4}  or  5  per  cent 
would  more  nearly  represent  average  conditions.  Using  5  pur 
cent,  therefore,  as  an  average  figure,  the  force  required  per  ton  to 
accelerate  a  train  is  from  (I), 

F^^{V2'-V^^)Xim  =  —iVi'-Vi').      .    .     (3) 

8  S 

As  an  illustration,  find  the  force  required  to  accelerate  a  train 
of  10,000  tons  up  to  20  M.P.U.  in  going  one-half  mile,  starting 
from  rest, 
(ij  „    70.4 
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The  need  of  a  large  dmwliar  pull  at  low  speeds  to  produce 
rapid  acceleration,  such  as  in  passenger  service,  is  at  once  apparent. 

Foimulas  for  Freight  Train  Resistance.  From  ihc  forego- 
ing discussion,  it  is  olniuus  tluit  many  factors  enter  into  train 
resistance,  some  of  w*hich  are  independent  of  the  velocity,  some 
varj-  inversely  as  the  velocity,  some  directly  as  the  first  power 
and  some  as  the  sc-eond  power  of  the  velocity.  Certain  resist- 
ances are  independent  of  the  weight  while  most  of  them  vary 
with  the  weight.  With  tliia  in  mind,  a  general  formula  for  train 
resistance  would  Ijike  on  this  form,  omitting  resistances  due  to 
grade,  curvature  and  inertia: 


M= 


V+B 


-HV-{-Kr^\W-\-DVK 


Where  R,  is  the  total  resistance; 
1^,  the  velocity; 
W,  the  total  weight; 
C,  a  constant; 

//,  A',  and  £>,  experimental  coefficients; 
A  and  B,  constants  introduced  to  make  the  equation  of 
general  form. 

Various  experiments  have  been  made  to  detennine  train 
resistance,  but  train  resistance  depends  upon  such  a  variety  of 
conditions,  such  an  the  weight  of  cars,  sha[)e  of  cars,  character 
condition  of  trucks,  character  and  condition  of  track,  etc., 
that  a  general  fonnula  that  will  be  accurate  and  reliable  is  difficult, 
if  not  impossible,  nf  attainment.  Mo«t  of  the  formulas  that  have 
been  proposed  have  abandoned  the  theunitiral  general  form 
indicated  almve,  and  have  l>een  made  entirely  empirical. 

From  tests  made  on  the  Baltimore  and  Ohio  Itailroad  and  on 
other  roads,  the  following  formula  for  train  resistance  was  derived,* 

R,  =  2.2T+122C, 

Ri  being  the  total  resistance  in  pounds,  T  the  weight  of  the  train 
in  tons,  and  C  the  number  of  ears  in  the  train. 

This  formula  has  Ijeen  adopte<l  by  the  American  Railway 
ciation  aJid  is  very  widely  used.     When  corrected  for  tem- 

*  Froe.  Am.  Ry.  Eng.  AaBO.,  Vol.  II,  p.  647. 
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pcraturc  and  other  local  conditions,  it  (pvcs  very  satisfactoiy 
results.  However,  It  does  not  provide  for  the  influence  of  dilTeroot 
speeds,  the  l-ests  as  made  indicating  that  the  resistance  was 
unaffected  by  the  speed  between  7  and  35  miles  per  hour. 

Professor  E.  C.  Schmidt,  from  an  extended  series  of  obser- 
vationa  on  freight  train  resistance  *  that  had  been  mafic  tmdor 
tbc  direction  of  the  Experiment  Station  of  the  University  of 
Illinois,  derived  the  following  formulas  which  take  into  account 
the  average  weight  of  the  cars  as  well  as  the  s[»eed  of  the  train. 
The  equations  show  train  resistance  per  ton  and  are  for  speeds 
of  40  M.r.U.  and  less. 

Average  weight  of  car  15  tons;  ff-7.l5+0.08.'5r+0.00175V' 

20  ,"  /?  =  6.30+0.087r+0.00126Vi' 

25  "  W  =  5.GO+O.077K+O.0OU01^ 

30  "  fl  =  5.02+0.066F+0.001I6V^ 

35  "  fi  =  4.49+0.060r +0.00108  V2 

40  "  /i:  =  4.I5+0.04lK+0.00134r- 

45  "  i2«3.82+0.03ir+O.O014OV 

50  "  /f  =  3.56+0.024r+0.O0I4OP 

55  '*  i?  =  3.38+0.016r+0.00142V'2 

60  "  ft  =  3.19+0.016V+0.00132V' 

65  "  ^  =  3.06+0.0HK+0.0()I3OV= 

70  "  K  =  2.92+0.02!  r+O.OOHlV^ 

75  "  fi  =  2.87+0.019r+0.00113V2 


Fig.  22  shows  these  formulas  graphically  and  Fig.  23  shows 

typical  plot*  of  the  data  from  which  they  were  derivctl.     Fig. 

24  ia  a  portion  of  the  chart  from  a  dynamometer  car  test  for 

train  resistance,  the  dynamometer  car  being  attached  between 

the  tender  and  the  train. 

Other  formulas  fm-  train  resistance  which  have  been  much 

y 
used  are  the  Engineering  Sews  formula,  H=2+j^,  and  tlio  fiald- 

V 
win   Locomotive  Works  formula,   ^  =  3+-^-.    Neither  of  these 

D 

has  any  rational  or  extended  experimental  basis  and  they  do  not 
represent  the  more  scientific  period  of  train  operation  of  recent 

■  Uulletin  43,  £o«.  Exp.  Sta.  I'niv.  of  ID. 
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years.    Mr.  S.  L.  Ciuelt  derived  the  following  formulas  from 
curves  devised  by  Mr.  Wellmfcton:    For  empty  cars, 


fi  =  5.4+0.00lFH 
and  for  loaded  trains, 

fi=3.8+0.0076l^- 
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Both  of  these  give  results  that  are  too  high  for  modem  rolling 
stock. 

Freight  train  resistance  is  less  for  trains  made  up  of  cars 
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of  uniform  type  than  for  trains  of  alternating  types.  That  is, 
resiatuiice  is  less  for  all  box  cur»  ur  all  flat  ears  than  it  is  for 
mixed  box  care  and  flat  cars  alternating. 
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Passenger  Train  Resistance.  Vestibuling  pass(>nger  care 
and  the  absence  of  side  doors  tend  to  reduce  the  resistance  of 
passenger  trains,  whUe,  on  the  other  hand,  the  high  speeds 
tend  to  increjise  it  above  that  of  freight  trains.  The  small 
proportion  of  the  live  load  to  the  dead  weight  of  cars  and  the 
greater  uiiifonnity  of  c^ar8  in  re-spect  to  height  ami  general  con- 
struction make  the  resistance  of  passenger  trains  more  definite 
than  that  of  freight  trains.  Notwithstanding  this  fact,  however, 
very  few  careful  exiM^riinenta  have  l>een  made  tu  determine 
passenger-train  resistance.  This  condition  obtains,  doubtless, 
chiefly  due  to  the  fact  that  resistance  of  passenger  trains  is  not 
so  vital  a  matt<*r  in  the  operation  of  Ruch  trainK  as  is  freight 
train  resistance  in  the  make-up  of  freight  trains. 

The  following  formulas  for  passenger  train  resistance  have 
been  wiili'ly  used: 

American  Locomotive  Co. /2  =  5.4-|-0.002((F-15)»+~^T3; 

y 
Baldwin  Locomotive  Co.,  fl  =  3+-^; 


C,  B.  6l  Q.  R,  R., 

Penna.  R.  R., 
General  Electric  Co., 


1'2 

K=3-^0.1315^; 


H  being  the  resistance  in  pounds  per  ton,  V  the  velocity  in  miles 
per  hour,  4  the  area  of  end  of  train  in  square  feet,  T  the  total 
weight  in  tons,  and  A'  the  number  of  cars. 

It  will  Ix;  nutetl  that  in  all  of  these  formulas,  the  resistance 
increow^fl  with  the  speed  above  ten  miles  per  hour  and  in  most 
of  them  it  i»  cousid(-nKl  as  increasing  with  some  power  of  the 
HiH'cd  highur  than  the  first  power. 

The  train  resistance  of  the  t.vpe  of  car  commonly  used  on 
cleetrio  railrmulu  makes  it  necessary  to  consider  such  resistance 
apart  from  that  nf  steam  train  resistance.  The  General  Elec- 
tric ('(Hn])any,  after  an  extended  series  of  t<^ts,  devisi^d  the 
f«}rmuhi  given  above  for  the  resistance  of  trains  of  this  class. 
The  first  nM'nil>i>r  of  the  quantity  is  supposed  to  jpve  the 
resifltaneo  due  In  jnurnnl  friction  and  is  liiniteil  to  a  value  of 
3.5  ll>fi.;    the  MAOond  term  gives  the  rolling  friction,  assume^i 


r 


proportional  to  the  speed;    and  tlie  third  term,  the  resistance 
ue  to  the  atmosphere  and  the  track,  assumed  to  vary  as  the 
Bqiiare  of  the  speed. 

E£Fect  of  Temperatvire  and  Adverse  Operating  Conditions. 
Allowance  must  be  made  for  cold  weather,  because  of  the  lessened 
efficiency  of  the  locomotive  due  to  Increased  radiation  and  bad 
rail  and  also  because  of  Kreat«r  train  resistance.  From  obser- 
vations made  on  the  BtUtimoro  and  Ohio  R.  R.,  the  following 
modifications  of  the  standard  fomnila  for  train  resistance  to 
provide  for  variations  due  to  the  influence  of  cold  weather  con- 
ditions were  adopted  by  the  American  Railway  Engineering 
Association : 

Temperature  over  35"  Fahr fl,  =  2.2r+122C 

Between  20"  and  35°  Fahr R,  =  ^.OT+mC 

Between  0"*  and  20**  Fahr. ii;,=4.03'+153C 

Below  0"  Fahr ff,  =  5.4r+17lC 

Professor  K.  C.  Schmiilt  has  tabulated  the  practice  of  a 
number  of  railroads  in  making  allowance  for  cold  weather  con- 
ditions as  given  in  Table  XXlli. 

Table  XXIII 
REDUCTION  OF  TOXNAGE  RATING  DUE  TO  COLD  WEATHER 


lUOrowl. 


T>ttrKliATumR,  DsmtsRw  Fask. 


45  + 


C.  G.  W 

C.  A  E.  I 

C.  A  O 

Penna 

,N.Pac 

iCoEN.  J 

Erie 

IC.BAQ 

C,  M.  A  St.  P. 

O.&ltO..... 

L.V 

DA  I.  R 

C.A  N  W...- 

Cim.  Vac 


.fi-AM 


nomial 


S9-4a 


Frr  emt 

8 
10 

fi 

5 

10 

10 

normal 


20-42 


Per  coBt 
16 
20 

10 
10 
10 
10 

10 
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15 

5 

10 

oorioal 
■  • 
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O-20 
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16 

30 
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15 

15 

10 

15 

15 

10 
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25 
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30 
35 
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20 
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25 
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Train  Loading.  A  few  years  ago  railroad  opcratora  aimed 
at  the  maximum  train  load  ptisflible,  but  at  i\w  present  time 
there  is  a  tendency  toward  a  more  moderate  weight  of  train 
load  and  a  more  rapid  movement,  especially  for  certain  classes 
of  frei(?ht.  The  make-up  of  trains  will  lie  diaciiased  at  another 
place,  but  it  should  be  pointed  out  in  this  connection  that  the 
study  that  has  been  made  of  train  resistance  has  made  pos- 
sible a  more  scientific  and  exact  method  of  makiiiR  up  trains 
to  operate  reliably  and  to  the  best  atlvantuge  over  any  given 
division.  Table  XXJV  shows  the  results  obtained  by  a  num- 
ber of  railroadrt,  wliich  indicate  that  under  conditions  of  careful 
operation  railroads  rate  their  trains  within  two  or  three  per 
cent  of  the  theoretical  power  of  the  locon»otive. 


Table  XXIV 

COMPARISON  OF  ACTUAL  WITH  THEORETICAL  TRAIN  LOADS 


M  P  H 

Tons 
Vvhind 
Tender, 

Trnetivc 

Power 
Avkil- 
■  bl«. 

Reiuiitakcks. 

Maikiin  or 
PowtfL 

Loeoin. 

Cun. 

Total. 

LU. 

PM. 

VirginLA,  frt. .  .. 
VirifituA.  frt. . . , 
Ponna.,  pfuui. .  .  . 
N.  Y.  C,  pass.  . 
N.  y.  C,  pass.  - 

17 

69 
70 
60 

8973 

fiOOO 
300 
315 
504 

45.300 

50.3.10 

50,3J>0 

7.600 

8.322 

9,870 

3401 

3496 
3573 
4551 
3949 

41.671 

4ti.s.')rj 

42.000 
4,050 
3.617 
5,335 

45,072 

50.350 

45,490 

7,623 

8,168 

0,284 

228 

0 

4854 

37 

154 

568 

0  5 
0  0 
9  7 
OS 
19 
6.0 

Classification  of  Freight  with  Respect  to  Made  of  Handling. 
Freight  is  clasaifieH  according  to  the  method  of  handling  int-o 
car-load  (C.  L.)  and  leRs-than-car-load  (L.  C.  L.).  The  latter 
is  sometimes  called  platform,  way,  parcel,  or  jjeddler  freight, 
owing  to  the  fact  that  it  is  handled  from  the  station  platform 

•  to  a  considerable  extent.  It  consists  of  separate  articles  that 
are  billed  to  the  consignee  individually.  Car-load  freight  con- 
sista  of  any  commodity  that  is  shipped  in  essentially  car-load 
lots,  such  as  coal,  grain,  live  stock,  oil,  ore,  structural  steel, 
cement,  etc.  Car-load  freight  is  handled  from  freight  houses 
to  some  extent,  but  chiefly  from  special  industry  tracks,  industry 

» roads,  and  sidings. 
With  regard  to  the  character  of  service,  freight  is  classified  as 
red 


Quick  dispatch  (Q.  D.)  freight; 
Time  frfjight; 
Slow  freight; 
Local  freight. 


Quick  dispatch  freight,  variously  termed  symbol,  manifest, 
red  letter,  cannon  ball,  or  otherwise,  consists  of  the  fast  freight 
and  usually  includes  perishable  conunodities,  such  as  fruit, 
fish,  fresh  moat,  etc.,  hve  stock,  and  high-class  merchandise. 
It  is  hauled  by  special  service  trains  which  arc  so  loaded  as  to 
allow  fast  running  time.  These  trains  operate  according  to  a 
definite  time  schetlule  and  with  a  view  to  regularity  as  well  as 
fast  time.  Special  arrangements  are  frequently  necessary  for 
caring  for  quick  dispatch  freight,  such  as  icing  cars  in  the  case 
of  fruit  and  fre-sli  meats,  wat^^riug  live  stock,  etc.  All  L.  C.  L. 
freight  is  commonly  classed  as  quick  dispatch. 

Time  freight  requires  regularity  of  movement  rather  than 
great  rapidity,  in  order  llrnl  shippers  may  depend  upon  the 
time  of  transportation  from  the  point  of  origin  tu  the  point  of 
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destination.  This  is  accompUabed  by  f^ving  trains  carrying 
BUch  commoditiea  a  time  schedule  hut  loading  them  about  the 
same  as  for  slow  freight.  Time  freight  consists  of  such  com- 
modities as  machinery,  canned  goods,  flour,  oil  in  tanks,  sugar, 
salt,  furniture,  and  stoves  in  car-load  lots,  structural  steel, 
pianos,  organs,  etc. 

Slow  freight  consists  chiefly  of  raw  nmterials,  such  as  coal, 
ore,  broken  atone,  pig  iron,  sand,  lumlwr,  etc.,  being  materials 
that  do  not  represent  any  particular  articles  or  orders,  one  car 
of  the  material  of  a  given  grade  answering  the  needs  of  the 
consignee  as  well  as  another.  This  class  of  freight  is  most  c<Ha- 
monly  handled  from  special  tracks. 

Local  freight  consists  of  that  which  originates  on  the  line, 
destined  for  some  point  on  the  same  line,  or  making  its  first 
movement  from  the  point  of  origin  to  the  first  terminal  en  route, 
or  the  movement  from  the  last  terminal  to  its  final  destination. 
It  is  moved  on  regular  schedule  trains  that  stop  at  all  points 
where  freight  is  expected  to  be  rcoeived  or  delivered. 

The  relative  cost  of  handling  these  different  clatHe^  of  freight 
ia  not  accurately  known,  as  railroads  have  not  kept  records 
sufficiently  complete  to  permit  such  costs  to  be  computed. 

Making  Up  Trains.  Trains  are  designated  as  regul&r  if 
they  are  assigned  times  of  movement  on  the  time-tables,  and 
extra,  if  they  are  not  so  a.ssigned  a  moving  time  but  muve  enlinrly 
according  to  the  dispatcher's  orders.  H^ular  trains  may  con- 
sist of  two  or  more  sections,  but  they  are  represented  as  ont? 
train  in  the  time-table.  Likewise,  an  extra  train  may  comprise 
several  sections  running  on  the  same  train  order.  Trains  are 
made  up  according  to  the  conditions  of  track,  grade,  alignment, 
etc.,  under  which  they  are  to  operate.  Frequently  they  are 
made  up  in  the  yard  for  only  the  succeeding  division,  but  where 
practicable,  if  the  following  divisions  are  similar  jls  to  operating 
conditiomi,  it  is  desirable  to  make  up  trains  so  that  they  may 
proceed  as  far  as  possible  without  alteration. 

The  destination  of  any  particular  ear  is  controlled  neoeasarily 
1^  its  contents  and  it  is  impracticable  to  secure  a  complete 
trainload  destined  for  any  particular  point.  For  this  reason, 
it  is  necessary  to  break  up  trains  at  junction  points  and  to  dis- 
tribute separate  cuts  of  cars  at  various  poinl."}  along  the  line. 
Trains  doing  this  kind  of  business  are  usually  made  up  by  arrang- 
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ing  the  cars  in  station  order  beginning  at  the  locomotive  so  that 
the  cars  may  be  most  conveniently  set  out  while  the  L.C.L 
freight  is  handled  from  the  rear  of  the  train.  Trains  usually 
have  the  loaded  cars  at  the  front  and  empties  at  the  rear  in 
order  to  prevent  breaking  in  two  while  passing  over  "  choppy  " 
gradients.  The  effect  of  this  nmke-iip  policy  should  be  kept  in 
mind  by  the  locating  engineer  in  the  choice  of  ruhng  gradients 
and  in  determining  the  length  of  Ujie  over  whiirli  any  gradient  is 
adopted  as  the  ruling  gradient,  and  in  adapting  the  location 
generally  to  the  character  of  traffic  to  be  cared  for. 

Locomotive  Rating.  Tbi;  proper  ruling  "f  lo(runmlivej4  in 
terms  of  the  load  to  l>c  handled  while  making  up  trains  will 
have  much  to  do  with  aucCT'-ssful  operation.  I'Jngines  are  loaded 
at  terminals  with  a  view  to  one  or  more  of  three  distinct  objec* 
tivea  or  desiderata: 

1.  To  move  the  maximmn  tonnage  jx>r  engine  consistent  with 
making  the  nm  in  a  sitecified  time  between  terminals,  taking 
into  account  the  ordinar>'  delays. 

2.  To  move  the  maxinmm  tonnage  per  day  per  engine  for  a 
given  length  of  time,  including  in  this  period  all  the  time  of  the 
engine  whether  in  active  operation  or  in  undergoing  repairs. 

3.  To  move  traffic  at  a  mininuun  rost  per  ton-mile. 

Which  of  these  will  govern  wiJl  depend  upon  the  class  of 
freight  handled.  The  first  would  obviously  apply  chiefly  to 
quick  dispatch  and  time  freight  and  the  third  to  slow  freight 
primarily,  while  the  second  would  apply  in  a  measure  to  all  classes. 

Ttie  tonnage  that  an  engine  can  pull  depends  first  upon  the 
power  and  condition  of  the  locomotive  and  second  upon  operating 
conditions,  including: 

1.  Rate  of  ruling  grade. 

2.  Length  of  maximum  grades. 

3.  Average  grade. 

4.  Sharpnc68  of  cun'cs. 
6.  I-fiigth  of  cur\'es. 

6.  Total  cur\'ature. 

7.  Density  of  traffic. 

8.  C'liararlcr  of  traffic. 

9.  Running  time  allowetl. 

10.  rercentage  of  dead  weight  to  live  load. 

11.  Average  weight  of  cars. 
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12.  Condition  of  rolUnp;  stock,  jovirnala,  drawheade,  etc. 

13.  I'aseinK  track  facilities. 

14.  Condition  of  track. 

16.  Weather  conditions,  precipitation  and  temperature. 

16.  Wind  velocity  and  direction. 

17.  Skill  of  trainmen. 

18.  Signaling  and  communication  facilities. 

19.  Number  of  tracks. 

20.  I^^ngth  of  divisions. 

The  desired  rating  in  nRttirally  the  economic  rating,  that  is, 
the  one  which  will  allow  the  locomotive  to  earn  the  maximum 
net  return.'^  fnr  the  railroatl  company,  and  obviously  this  depends 
Upon  the  class  of  freight  hauled,  since  the  different  classes  have 
different  tariff  rate.*).  For  any  given  class  of  freight,  the  economic 
rating  will  in  general  be  I  hat  which  permits  the.  greatest  tonnage 
per  engine-mile.  Mr.  John  A.  Droege*  estimates  that  if  the 
rating  be  made  about  80  jier  cent  of  the  maximum  possible  with 
the  given  drawbar  pull,  the  most  economic  operation  results. 
He  gives  an  example  of  one  division  dropping  the  rating  from 
100  to  80  ]KT  cent  of  the  available  drawbar  pull,  by  which  means 
the  coal  consumed  per  ton-mile  was  decreased  9.3  per  cent. 

P^ormerly  locomotives  were  rated  in  terms  of  the  number  of 
loaded  cars  that  they  could  pull  over  a  divisiiin,  two  emptiea 
being  usually  considered  as  equivalent  to  one  loaded  car.  The 
number  that  the  locomotive  could  pull  was  detcnnined  by  actual 
testw,  which  were  frequently  niade  under  operating  conditions 
different  from  those  obtaining  at  the  time  of  normal  operation. 
Recent  investigations  in  train  resistance,  however,  make  it  poa^- 
ble  to  rate  locomotives  with  a  reasonable  degree  of  accuiacy  on 
&  (oimage  (>asis,  results  attained  usually  Unng  within  almut 
6  per  cent  of  that  which  was  intended.  Locomotives  arc  usually 
rated  in  terms  of  tons  of  tniin  load  or  in  terms  of  "  M's,"  an 
"  M  "  signifying  1000  pounds  of  train  load  that  the  lot^imotive 
can  pull  over  the  division  for  which  the  rating  is  intendwl  to  apply. 
Thus  a  train  of  2790.3  M's  means  a  train  having  a  gross  tonnage 
of  2,790,:JtX)  pounds,  ctr  1395  tons.  Since  loaded  cars  are  weighed 
on  track  scales  and  the  weights  of  empties  are  stenciled  on  their 
sides,  (he  total  weight  of  the  train  can  be  readily  determined. 
Tonnage  computers  are  used  in  some  yanls  which  add  up  the 
*  *'  Freight  Terminola  and  Trains/  .    166. 
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tonnage  adjustotl  to  gradra  niicl  other  operating  conditions 
instead  of  the  actual  tonnage.  The  tonnage  over  any  division 
for  a  given  engine  must  be  reduced  when  operating  conditions 
are  unfavorable  on  account  of  bad  weather  or  poor  track.  (See 
Chapter  XI.)  Fig.  25  shows  a  tonnage  rating  di.igrani*  fora  heavy 
consolidation  locomotive  and  illustrates  a  method  of  making  up 
such  a  diagram.  It  gives  llie  uniform  velocity  at  which  the 
locomotive  will  pull  any  given  tonnage  up  a  giviMi  gradt;.  or  over 
a  given  grade  system.    These  curves  are  the  graphs  of  the  follow- 
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ing  formultui  after  deducting  the  weight  of  the  engine  and  tender 
from  the  total  weight  of  train: 

,  /l0,45O-392l^\ 

^\    24.75+ UOG'  / 
for  velocities  between  0  and  10  M.P.H.; 


W=cPB 


W=iPB^\ 


10,450-3921'^ 


£>\1.66K+8.26+110G/ 
for  velocities  between  10  and  35  M.P.U. 
•  Proc.  Am.  Ry.  Eiig.  Ann.,  Vol.  XI,  p.  1324. 
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d  being  the  diameter  of  the  locomotive  cylinders  in  inches,  D  the 
diameter  of  the  drivers  in  inches,  L  the  length  of  stroke  in  inches, 
B  the  boiler  pressure,  V  the  velocity,  G  the  per  cent  of  grade  and 
W  the  weight  of  train  including  the  engine  in  pounds.  These 
formulas  follow  from  taking  the  tractive  effort  aa 

/ia450-392K|\ 

^^\ TTiooo / 

and  the  resistance  as  4.5  and  1.5+0.3F"  pounds  per  ton  respect* 
ivcly  for  the  two  cases. 

r  Economic  Speed.  In  the  adjiiatment  of  grades,  the  engi- 
neer should  take  into  account  the  speeil  at  which  the  trains 
are  to  be  operated  and  the  ePfeiJt  of  grades  upon  the  economic 
Bpec<l.  The  chief  fact^r^  entering  hito  Uie  determination  of 
the  econoinie  speed  are: 

1.  The  tractive  effort  decreases  with  the  speed,  as  shown 
in  Fig.  11  and  Talile  XIX. 

2.  Power  is  more  expensive  at  the  higher  speeds. 

3.  The  higher  the  speed,  the  greater  the  number  of  trips 
that  can  be  made  by  one  engine. 

In  the  proceedings  of  the  Am.  Ry.  Eng.  Assn.,  Vol.  XI,  p. 
1328,  Messrs.  J.  D.  Isaacs  ami  E.  E.  Adams  presented  a  valu- 
able discussion  on  the  "  Economic  and  Efficient  Speed  of  Trains," 
which  illustrates  a  method  of  studying  the  question.  Two 
objects  arc  sought: 

1.  To  find  the  speed  that  will  carrj'  the  ma.ximum  tonnage 
over  the  line  in  a  given  lime. 

2.  To  find  the  speed  that  will  permit  a  given  tonnage  to  be 
hauled  at  a  minimum  cost. 

The  following  paragraphs  are  extracted  from  that  discussion. 
ThcMt!  two  propoaitioiis  arc  obvious; 

1.  If  engines  are  rated  at  the  speed  that  will  give  the  max- 
imum ton-miles  per  hour  per  train,  this  speed  will  give  the 
maximum  tonnage  over  the  line  for  a  given  number  of  trains. 

2.  Since  the  cost  of  operation  increases  rapidly  with  the 
train-mileage,  for  a  given  tonnage,  the  rating  wliich  will  incur 
the  least  train-mileage  will  I>e  the  most  economical.  In  other 
words,  the  rating  that  will  give  the  maximum  ton-miles  per 
hour  per  locomotive  will  give  the  ma.\imum  tonnage  over  the 
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line  for  a  pven  number  of  trains,  and  the  tonnage  will  bo  hauled 
at  a  minimum  cost. 

Tlie  prohtem  is,  lliomforr,  to  determine  the  speed  on  the 
given  average  grade  that  will  enable  the  locomotive  to  accom- 
plish  the  maximum  ton-miles  per  hour.  The  average  grade  of 
a  line  i»  nhtainc-d  by  divi^Iing  the  mmi  of  all  adverse  ascents 
by  the  length  of  the  line  in  100-ft.  stations. 

The  following  formula  gives  the  net  tonnage  that  can  be 
pulled  by  llic  cunHuIidation  locomotive  considered  at  velocities 
betweea  10  and  35  miles  per  hour. 

(266.200 -5256^0 
1.65V+8.25+U0f7 

in  which,  T  is  the  tona  pulled  exclusive  of  the  engine  and  tender, 
V  is  the  velocity  in  miles  per  hour,  and  (1  is  the  average  grade. 
Column  2  of  Table  XXV  was  calculated  from  this  formula  for 


(I) 


[Is 


Table  XXV 
CALCULATION  OF  ECONOMIC  SPEED 


m 


1415 

1355 

1900 

124S 

1190 

1140 

1089 

1044 

1038 

090 

Ml 

014 

805 

675 

480 


7.07 

7.:« 

7.68 
8.03 
B.3f> 

8  76 

9  20 
0  5R 
0  02 

10  10 

10  62 

11  IS 
14  82 
20.80 


(4) 


0  147 
0  IM 
0 ,  U«) 
0  167 
0  175 
0  183 
0.192 
0.300 
0  201 
0.210 
0.222 

0  233 
0  309 
0  433 


I" 


0.853 

otm 

0  840 
0.833 
0  825 
0  817 
0.808 
0  800 
0.799 
0.790 
0.778 

0  7iB7 
0  691 
0.667 


12.060 
12,600 
13,100 
13,500 
13.7.'iO 
13,870 
14,080 
14,119 
14,118 
14.100 
13.910 

13,740 

11,650 

8.150 


(7) 


8.53 


13.52 


<8) 


14,150 
14,005 
15,600 
16.185 
16.660 
17.100 
17.440 

17.820 
17.RS0 
17.680 
17.914 
17.900 
16.S75 
14, MO 


'Tliii  U  HMT*!?  th*  iwnnt*  mnthtmnic*]  rcfuU.    Of  ronnc,  fr»Mion»I  trwni  in 
pneUM  ivouliJ  hr  proviiiod  [ut  hy  «xtr««,  ut  by  uaiag  Um  nest  cvaa  ouoibox  of  train*. 
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a  1,0  per  cent  grade.  The  traffic  v&n  affiutned  as  10,000  tons 
each  way  per  day,  and  column  3  woe  calculated  by  dividing 
10,000  by  the  corTc^pondinK  number  in  column  2.  Column  4 
vafl  obtained  by  afmuning  one-tiaU  hour  lost  at  each  meet, 
and  the  other  calculations  are  apparent.  These  results  are 
AtrwD  Kraphicaily  in  Fig.  26  (a);  (6)  fprcs  similar  resuha  for 
variouii  grades  with  a  linn  drawn  joining  the  points  of  maxi- 
mum efficiency;  (c)  represent*  the  conditions  for  a  double- 
track  line,  that  is,  where  no  stops  for  meets  were  considered; 
(d)  in  a  cnmpariiion  uf  maximum  eSiL-ienries  for  various  conditions 
of  operation. 

In  tiic  majority  of  cases  considered,  Messrs.  Isaacs  and 
Adams  state,  it  will  \>e  found  that  if  a  locomotive  18  rated  for 
the  mwit  economical  speed  for  the  average  grade,  this  rating  will 
have  to  lje  reduced  in  order  that  the  train  uiay  make  a  mini- 
mum speed  of  ten  miles  per  hour  on  the  steepest  grade.  For 
a  line,  however,  on  which  the  ruling  gradient  and  the  average 
grade  are  nearly  the  same,  considerable  economy  can  be  secured 
by  rating  the  engine  for  the  most  efficient  speed. 

An  in.^lructivc  scries  of  records  •  of  operation,  illustrating 
economic  speed,  was  kept  on  the  Indiana  Division  of  the  Balti- 
more and  Ohio  Railway  during  the  months  of  January  and 
February,  1904.  These  record.'*  applied  to  the  following  classes 
of  service: 

1.  Common  freights  scheduled  to  travel  about  9  M.P.H., 
the  rating  I>eiug  assumi-d  at  the  capacity  of  the  locomotive  at 
that  speed. 

2.  Semi-quick  dispatch  freights,  operating  at  an  average 
speed  of  1.")  M.P.FI.,  the  rating  of  the  locomotives  being  assumed 
at  72  per  cent  of  tliat  for  cumuion  freights. 

3.  Quick  dispatch  freights,  operating  at  an  average  speed 
of  19  M.P.H.,  the  rating  being  assumed  at  GO  per  cent  of  that 
for  common  freights. 

Tlie  data  collected  for  each  of  these  classes  of  trains  for 
separate  trips  were  as  follows: 

1.  TeniptTature. 

2.  NumU'r  of  engines. 

3.  Number  of  cars. 

4.  IVufflc  carried  in  ton-miles. 

•  W.  B.  I'olaiiil,  Piw.  Am.  Ry.  Eng.  Aam.,  Vol.  DC,  p.  705. 
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EoiTlaM  16SS-US9 
Tbeontlcml  tncUra  power  3BJU0  lb. 


u  in  30  2S 

Actual  ruuiiluic  tlnu-  In  M.P.H. 
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Actual  ruoDlDC  time  In  H.P.B. 


Fiu.  27. — Diagrams  Showing  Economic  Speed. 
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6.  Running  time  between  terminals. 

6.  Rate  per  hour  for  nJiinin^  time  between  terminals. 

7.  Total  time  iMitwren  terinirmls. 

8.  Kate  per  hour  for  total  time  lietween  terminals. 

9.  Cost  of  operation,  including  wages,  fuel,  repairs,  etc. 

10.  Cost  of  fixeti  charges.  (Engines  valued  at  S9000  and 
$11,(KX),  cars  $800,  interest  5  per  cent,  depreciation,  5  per  cent.) 

11.  Total  cost. 

12.  Cost  per  1000  ton-miles. 

13.  Per  cent  hauled  of  maximum  rating  for  common  freight. 
The  results  of  these  observations  are  shown  in  Fig.  27.    These 

diagrams  show  the  comparative  cost  of  fast  and  slow  freight 
service  and  to  a  certain  extent  the  relative  economy  of  heavy 
iDOtive  power.  For  the  heavier  engines,  the  minimum  cost  is 
found  at  a  speed  of  13  M.P.H.,  which  requires  a  rating  of  88 
pc-r  rent  of  the  maximum  (second  diagiitm),  but  a  speed  of 
12.5  M.P.H.  does  not  increase  the  («st  of  handling  appreciably 
and  allows  the  rating  to  1«  91  per  cent  of  the  maximum.  From 
the  third  chart,  it  is  seen  that  an  actual  ruiuiing  sixkh.1  of  12.5 
M.P.H.  corresponds  to  8.25  M.P.H.  between  terminals.  A 
siniilur  process  gives  H  M.P.H.  as  actual  nmning  time  with  a 
rating  of  94  ijer  cant  of  the  maximum  for  the  lighter  engines. 

Economy  of  Heavy  Train  Loads.  Since  the  first  introduction 
of  railroads  there  has  been  a  tendency  towards  increasing  the 
weight  of  train  load.  Never,  |jerha|j8,  lias  that  t<?ndcncy  been 
more  marked  tlian  in  the  past  decade.  The  successful  rolling 
of  heavy  rails,  and  the  perfecting  of  the  Mikado  and  Mallet  types 
of  locomotives  have  especially  promotetl  this  increase.  From 
1003  lo  1912,  the  average  train  load  was  increased  from  391  tons 
to  509  tons,  or  30  per  cent,  and  the  tractive  power  of  locomotives 
in  the  same  period  increased  from  60,000  lbs.  to  80,000  lb?.,  or 
33  per  cent.  In  a  aeries  of  communications  appearing  in  the  Rail- 
way  Agi-  Oaz(U-\  April  10,  1914,  given  by  35  prominent  railway 
oflicials,  the  opinion  expressed  was  almost  unanimous  that  the 
train  load  would  continue  to  increase  to  some  extent  in  the  future, 
and  indicated  that  by  1920  the  average  train  load  would  be 
600  tons  or  more.  The  following  data,  Table  XXVI,  show  the 
tendency  in  this  dirciaion: 
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Table  XXVI 
IN'CRE.\SE  IX  TRAIX  LOADS 


.\tesace  FiEiSHT-rmAix  I^^d. 

1903 

1913 

A.,  T.  A  K   F 

B.  &0 

280 
421 
473 
361 
277 
271 
240 
231 
443 
205 
406 
447 
288 
255 
486 
231 
211 
302 
218 
4S6 
326 
527 
951 
176 
105 
257 
257 
345 

310 
620 

C.  A  O 

S43 

C.&A 

C.  Gt.  W 

('.,  B.  &  Q 

491 
450 
4S4 

C.&  X.  w 

D..  L.  A  W 

357 
348 
660 

D.  &R.  G 

Erie 

(jt.  Xorthern 

III.  Cent 

K.  C.  So 

L.  V 

305 

597 
635 
407 
520 
509 

L.  A  N 

295 

M.,  K.  A  T 

243 

M.  P 

373 

X.  Y.,  X.  H.  A  II 

291 

X.  A  W 

764 

X.  Pac 

542 

719 

P.  A  L.  E 

1241 

246 

So.  Pac 

281 
389 

Southern 

389 
437 

1392 

Waliash 

302 

395 

The  pconomy  of  using  heavy  engines  may  result  from  one  or 
both  of  two  causes:  (1)  the  reduction  of  fixed  chaises  through 
iliHTttastnl  construction  costs  by  using  steeper  gradients,  and  (2) 
thi!  dccreiistnl  operating  expenses  due  to  smaller  number  of  trains 
U'iiig  re(|uirtHl  to  haul  a  given  tonnage.  In  regard  to  the  first 
It  limy  U*  siiid  that  a  study  of  weights  and  costs  of  steam  loco- 
riiutivt'H  indicates  that  additional  power  in  engines  costs  from 
'i{)  to  till  IHT  (Tilt  of  tlie  average  cost. 

hi  ivgard  In  the  siM'nnd  item,  assuming  that  a  train  load 
cuuld  be  doubled   by   doubling  the  weight  of  the  locomotive 
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(probably  not  true  from  a  practical  point  of  view),  the  calculations 
in  Table  XXVII  show  that  the  operating  exptniaes  would  be  by 
no  means  doubled,  but  would  be  increased  perhaps  8  or  9  per  cent 
as  a  whole  and  suiuewiutt  less  than  30  per  cent  in  those  items 
directly  affected. 

Table  XXVH 

EFFECT   ON   OPERATINT,    KXPENSRS    OF    DOUBLING   ENGINE 
TONNAGE  I-*OU   A  GIVEN   TRAIN   TONNAGE 


Itan. 


Bolliuit 

Tie 

Rails 

Other  tndt  niaterial 

RiMulway  and  track 

Brid|EBa,  etc. 

Iiocomotivcft  (rep.,  reti.,  and  dep.) 

Engiac-houiie  expeascs 

Fuel  for  road  loconDotives. 

Water  for  road  looamotiToa 

Lubricanto,  etc 

LoM  and  damage,  freight. 


Pur  Citril  uf 

Total  OpiT- 

•tinic 

1910 


60 

3.01 

92 

1.13 

7.63 

1.71 

1.61 

1  66 

10.35 

.66 

.40 

1.26 

30.60 


KiitimRtcil 
Prt  C'tit 


26 
26 
25 
25 
10 
10 
20 
10 
fiO 
50 
60 
10 


AdilMl  CcMt. 
Prr  Cent. 


.13 
.75 
.23 

28 

.76 
.17 
.32 
.16 
6.17 
.33 

.ao 

.12 

B.6I 


From  the  above  coiiBidprationB,  the  economy  of  UHuig  heavy 
train  loads,  which  may  be  accomp!i.shed  by  the  utilization  of 
powerful  locomotives  and  by  improvement  iti  gradca  and  track, 
ia  apparent.  The  effect  on  operating  expenses  of  increasing  the 
numl)er  of  tmins  to  (»rr}'  a  given  triiffic,  say  n-f  I  traiiiH  insVad 
of  n,  can  be  determined  in  a  similar  manner,  that  m,  by  estimating 
the  effect  on  the  various  items  of  operating  expense  and  then 
determining  thn  totjil  effect.  It  should  Ik;  l>orne  in  mind  that  the 
revenue  for  transporting  a  given  amount  of  traffic  is  constant, 
and  the  fewer  trains  required  to  conduct  the  transportation,  the 
(greater  will  be  the  net  earningH.  The  lat*»  Mr.  Jamns  .1.  Hill 
stated  the  situation  very  succinctly  by  saying  "  Operating  cxpetufcs 
wv  per  train-mile  while  revenues  are  ptrr  ton-mile." 

Spacing  of  Passing  Sidings.  On  singlctrack  railroads, 
siduigs  uiust  be  provided  for  the  passing  of  tratna,  the  spacing  of 
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^^H         such  aidings  dcpeziding  upon  the  denaty  of  the  tn&t  and  npoo 
^^H         topojETsphica]    conditionB.    The    economic   Bpadng   of   pwwing 
^^H          ndingB  would  be  such  that  the  cost  of  delajs  inctdoit  to  p*«»**c 
^^^B         of  tratnB  and  the  fixed  charges  on  the  cost  of  adlngjs  mar  be  a 
^^^B         minimum.    Sidings  should  be  eo  spaced  that  trains  operalinc 
^^^B         on  a   uniform  train  interval  will  not  be  unneoeasanly  delayed. 
^^^H         If  the  same  rate  o(  speed  could  be  maintainpH  over  the  entire 
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F(0.  28. — Graphical  TinK^table  Showinf;  Uniform  Trtin  Intttrval. 

e  and  trains  were  dispatt-hed  at  uniform  intervals,  this  wouW 
uire  the  sidinRS  to  Ijo  uniformly  spaced  along  the  track.    How- 
T,  this  sclieme  cannot  be  exactly  followed  and  the  sidinga  are 
ually  spaced  accordinR  to  the  train  schedules.    In  an  ideal 
*f  where  the  sidings  am  spaced  luiiformly  along  the  track  and 
ins  are  ilisjMitched  in   both  directions  at   intcrvalfi  equal  to 
CO  the  time  required  1o  run  Ix-tween  sidings,  and  if  none  oi 
»■  trains  are  delayrd  an<I  they  proceed  with  the  suuie  average 
•ed,  they  will  pass  at  the  sidings  without  wait.  ;i8  shown  in  the 
phical  time-table  in  Fig.  28.    Fig.  29  shows  the  effect  of  trains 

% 

1 

SPACING  OF  PASSING  SIDINGS 

leavii^  one  terminus  at  iDiervals  a  little  greater  than  twice  the 
running  time  between  sidings,  causing  a  delay  at  each  siding, 
and  also  the  effect  of  operating  different  classes  of  trains  over  a 
single  track  division. 

Mr.  P.  M.  LaBach,  Asst.  Engr.  C.  R.  I.  &  P.  R.  R.,  showe  • 
that  the  numher  of  passing  points  reqiiircd  over  a  division  depends 
birgety  upon  the  interval  of  dispatching  trains,    if  the  trains  are 


m 


* 


BK. 


I         a  r.H.  ■      -  u        u         t         I         g  A jf.  « 
Flo.  29. — Gnphical  Time-tublo  with  Irregular  Train  Interval. 


dispatched  at  equal  intervals,  in  jarder  that  there  be  no  delay, 
the  number  of  passing  sidings  would  obviously  equal  the  Hquare  of 
the  number  of  round'trip  trHin.s  per  day.  If  the  dispatching  is 
crowded  into  a  certain  portion  of  the  day  and  the  trains  wnt  from 
opposite  ends  of  the  division  during  that  period,  tlie  number 
n-cjuirml  will  Iw  increased,  while  if  the  trains  are  dispatched 
according  to  the  degree  of  occupancy  of  the  tracks,  the  nuinl>cr 
may  be  decreased.  By  constructing  graphical  time-tables  for 
aasumed  conditions  between  these  two  extremes  Mr.   LaBach 

*  RttHwijf  Age  Oazetu,  July  30.  1915. 
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arrives  at  the  results  shown  twlow  for  passenger  trains  runninK 
&t  30  M.F.H.  and  freight  trains  at  15  M.P.Q.  over  a  division 
120  miles  long. 


Square  of  Niiinb«r 
ol  Tniui. 

NvUBItR   or   PaSIHKQS    RKQinSKD. 

EAch  Way  per  Day. 

Mttiiniiun. 

Masiinum. 

1 

2 
4 
& 

a 

I 

4 
16 
3»i 
64 

0 
0 
0 

1« 

30 

1 

6 

ao 

36 

71 

This  demonstration  illustrates  the  interdependence  of  Inter- 
val between  sidiiiK^  or  the  total  number  of  sidings  and  the  dis- 
patching of  trains.  The  economical  limit  of  increasing  the 
number  of  sidings  will  be  considered  in  connection  with  double 
tracking  (See  Chapter  XX). 

Generally  water  and  coaling  stations  should  he  placed  at 
sidings.  Experience  shows  that  water  stations  are  required  about 
every  15  to  25  miles  and  i-oaling  stations  everj-  7U  miles.  The 
economic  limit  of  increasing  the  number  of  these  facilities  occurs 
when  the  cost  of  such  facilities  together  with  the  cost  of  delays 
in  taking  water  and  coal  is  a  minimum. 

Spacing  of  Terminals.  The  successful  operation  of  a  railroad 
depends  to  a  considerable  extent  upf»n  the  economic  spacing  of 
terminals.  By  terminal  is  meant  a  point  cither  at  a  tenninua 
or  an  intermediate  station  where  facihties  arc  provided  for  break- 
ing up,  assorting,  assembling  and  classifjing  trains.  Ordinarily 
train  crews  arc  chauge^d  at  lertulnals,  and  inasmuch  as  the  crews 
are  allowed  a  minimum  mileage  for  each  run,  it  is  advantageous 
to  space  the  terminals  at  a  distance  equal  to  or  a  little  greater 
than  that  minimum,  which  iH  usually  100  miles.  The  selection 
of  points  for  rearranging  trains  should  be  made  to  an  extent  with 
reference  to  the  ruling  grades;  the  heavy  grades  should  be  grouix'd 
into  one  divi»on  where  practicable  and  that  division  made  aa 
short  as  circumstances  will  permit.  The  following  discussion  of 
this  8ul>jc(-t  is  largely  extracted  from  "  Etxinomics  of  Railway 
Operation."  by  M.  L.  Byers,  Chief  Engineer  of  Maintenance  of 
Way,  Missouri  Pacific  Kailway. 
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SPACING  OF  TERMINALS 

The  length  of  run  must  not  be  so  great  as  to  overtax  the 
endurance  of  the  engine  and  train  crews,  the  fireman  being  the 
chief  sufferer  on  long  rmis;  or  to  <;aii!!e  the  iire  and  ash  i>au  to 
become  clogged  with  cinders  on  account  of  the  distance  between 
ashpits. 

Engine  delays  at  temiinal  points  are  nearly  constant.  AhuoKt 
regardless  of  the  length  of  run,  from  five  to  eight  hours  are  neces- 
&ar>-  for  the  overhauUng  of  an  engine  at  the  terminal  on  the 
cutnpleiiou  uf  its  nin.  Aliuut  threr-fuurth»  of  tliis  time,  which 
is  occupied  in  ashing,  coaling,  wiping,  inspection,  etc.,  is  independ- 
ent of  the  length  of  ruii,  while  the  remaining  quarter  of  the  time, 
occupi*Hl  in  making  Hgbt  repairs,  varies  to  an  extent  with  the 
length  of  the  run.  Therefore,  the  greater  distance  l>etween 
terminals,  the  .sinaller  tlie  proportion  of  time  spent  inactively 
by  the  locomotive^  and  the  less  the  terminal  engine  costs  per 
engine-mile. 

The  same  arguments  aj)ply  to  freight  cars  in  regard  to  losg 
of  time  and  terminal  costs.  The  low  freight-car  performance 
of  American  railways  is  one  of  the  most  apparent  defects  in 
their  operation,  conw^quently  anything  that  can  t>e  done  in 
tiie  selection  of  the  lengths  of  divisions  and  the  location  of  t«r- 
mioab  that  may  help  to  remedy  this  condition  should  f)e  done. 

As  stated  aI>ove,  the  arrangement  of  division  lengths  and  the 
location  of  terminals  is  intimately  connected  with  the  selection 
of  the  ruhng  gradient.  A  certain  nding  gradient  is  made  to 
apply  to  one  or  more  divisions  and  there  Ls  no  advantage,  hut 
rather  a  useless  waste  of  money,  when  this  ruling  grade  is  extended 
over  part  of  another  division.  Trains  arc  made  up  and  the 
engim-s  are  rated  or  loade<l  to  pa-ss  over  any  given  division  in 
accort^l  with  the  ruling  grade  of  tliat  division,  hence  it  is  obvious 
that  there  is  no  value  in  making  a  low  ruling  gradient  over  a  part 
of  tliat  ilivision.  Moreover,  if  the  advantages  of  low  grade 
r>urtions  are  to  be  rcalizcnl  and  the  distance  over  which  Ught 
tonnagi^  must  l>c  hauled  reduced  to  a  minimum,  the  heavy 
grades  must  he  bunched  as  far  as  possible  and  the  location  of  ter- 
minals arranged  with  reference  to  the  changes  in  ruling  gradient. 

Other  things  being  equal,  terminals  can  iKst  Iw  loral<'d  at 
the  junctions  with  branch  lines,  at  the  crossings  with  other 
railways  and  at  points  where  extensive  industries  can  be 
developed. 
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The  laws  regulating  interstate  commerce,  whicli  limit  the  length 
of  time  trainmen  may  be  on  duty  to  sixteen  hours,  fix  the  maxi- 
mum spacing  of  terminals  at  about  100  to  150  miles.  On  a  line 
with  low  gradients^  easy  curves  and  good  i-oadL>ed,  the  terminals 
may  be  spaced  at  greater  diHtances  than  in  the  case  of  inferior 
aUgnment  and  roadbedj  Ijecause  the  trains  will  be  able  to  main- 
tain a  higher  average  speed  under  the  former  conditions  than  under 
the  latter.  Passenger  divisions  are  sometimes  made  equal  to 
two  freight  engine  stages.  Because  of  diversity  in  operating 
conditions,  it  is  manifestly  impossible  to  fonnulale  any  rule  for 
the  proper  spacing  of  terminals,  and,  moreover,  the  desirability 
of  locating  terminals  at  large  cities,  whose  location  is  of  course 
independent  of  any  action  of  the  railway  for  the  most  part, 
would  make  it  impracticable  to  space  the  terminals  strictly 
according  to  the  economic  interval  even  if  one  could  Vje  determined. 
The  above  genera!  suggestions  will  therefore  suffice  for  the  present 
purpose. 


CHAPTER  Xin 


RULING  GRADIENTS 
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Definition.  All  grades  on  a  railroad  cause  a  definite  amount 
of  resistance,  the  amount  depending  upon  the  steepness  of  the 
gradient,  as  will  bo  shown  in  a  succeedinR  paragraph.  All  grades 
are,  therefore,  oljjerticmabli;  to  a  rcrtain  ('xti;nt,  but  the  attendant 
olijections  arise  from  two  very  distinct  sources,  and  gradients 
are  classed  accordingly.  One  rla-ss  of  grades,  in  addition  to 
causing  (he  lossfw  comninn  to  all  gradients  Iwcause  they  offer 
a  certain  resistance  and  therefore  cause  added  work  to  be  done, 
limi(.s  the  weight  of  train  that  can  be  hauled  over  any  given  divi- 
Hion  on  which  it  occurs,  while  the  other  class  incur  hjss  by  increas- 
ing operating  expense  directly  through  augmented  wear  and 
tear  on  equipment,  cast  of  fuel,  etc.  The  first  class  conwists  of 
those  grades  that  are  called  ruliny  gradierUn.  Ruling  grade  or 
gradient  may  be  defined  as  the  grade  which,  by  its  length  or  steep- 
ness, limits  the  weight  uf  train  that  can  l>e  hauled  by  one  lo<'omo- 
tive  over  the  division  on  which  it  occurs.  The  second  class  of 
grades,  or  those  less  than  the  ruling  grade,  are  termed  me  and 
fftli.  The  expense  of  the  second  c-lass  of  grades,  risc^  and  fall, 
depends  upon  the  cost  of  pulling  trains  over  these  grades,  while 
tbe  expense  caused  by  the  ruling  grade  includes  the  cost  of  pulling 
the  train  up  the  grade  and  in  ad<Ution  the  coat  of  operating  light 
trainM  over  the  level  or  nearly  level  stretches  of  Une  occurring 
between  the  limiting  grades.  The  disadvantages  of  the  former 
are  much  more  serious  than  those  of  the  latter,  and  will  be  con- 
sidered in  this  chapter,  while  rise  and  fall  will  be  taken  up  at 
another  place. 

The  ruling  grade  may  or  not  be  the  maximum  grade  on  a 
division.  In  the  event  that  helper  engines  are  uat*d  over  the  max- 
imiwi  grades,  or  momentum  grades  are  pjnployed  (see  next 
chapter),  the  next  steepest  grade  becomes  the  ruling  grade. 
The  grades  of  a  division  are  very  definitely  relatcti  to  each  other 
in  llieir  effect  on  operation,  and  when  considered  in  this  connec- 
tion may  be  termed  the  grade  sy.stem  of  the  division. 
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Grade  Resistance.  A«  distinguished  from  the  forms  of 
resistance  previously  discussed,  grade  rcsistanec  is  capable  of 
exact  mathematieal  t^ilculatiou,  being  equal  to  the  component 
of  the  weight  parallel  to  the  track.  See  Fig.  30.  It  equals 
H"  sin  a,  or.  taking  the  sine  equal  to  thn  tangent  for  small  angles 
of  iuclinatiou,  the  grade  resistauce  equals  W  Ian  a,  or  Wp,  whore 
p  is  the  gradient  expressed  in  per  cent.  The  rule  may  be  formu- 
lated,  therefore,   that  the   graoe    resistance   is   20   podnds 

PER   TON    FOR   ONE   PEB   CENT    GRADE,    Or   Otherwiat!   Stated,    THE 
PER    CENT   OF   GRADE    EQUALS    THE    RESISTANCE    IN    POUNDS    PER 

100  POUNDS.     From  this  the  serioas  disadvantage  of  heavy  grades 
is  at  once  apparent  in  ho  far  as  total  resistunce  is  uuncemed. 


F**-rtB™*l. 


Fio.  30. — Resiataooe  Due  to  Grade- 

A  locomotive  mnat  perform  20X100  =  2000  foot-pounds  of  work 
ui  pulling  a  ton  100  feet  along  a  1  per  cent  grade  in  addition  to 
overcoming  other  forma  of  rraistanee,  or  the  same  amount  of 
work  as  would  be  done  in  lifting  the  ton  I  foot  vertically.  A 
locomotive  traveling  at  the  rate  of  18.75  M.P.H.  (27.5  ft. 
per  second)  requires  27.5x204-5.50=  1.0  horsepower  at  the  draw- 
bar for  eacli  Ion  it  pulls  up  a  l.O  per  cent  gnuh'i  at  this  rate  of 
speed.  However,  it  is  not  so  much  the  direct  cost  of  such  power 
that  makes  heavy  ruling  grades  so  objectionable,  but  rather 
the  fact  that  this  power  which  must  be  available  wherever  the 
ruling  grade  occurs  cannot  be  used  to  advantage  over  other 
portions  of  the  line. 

From  the  prccwling  paragraph,  it  is  evident  thai  grade  re- 
sistance varies  directly  with  the  rate  of  grade,  or  /?y=20p.    Grade 


resistance  is  not  the  total  resistance,  however,  that  must  be 
overcomo  in  ascending  any  gnuir,  for  train  resistance  as  <]iacussed 
in  Chapter  XI  and  curve  rtwislance  as  will  be  presented  in  Chap- 
ter XV'U  obtain  on  grades  as  well  as  on  level  track,  and  in  the 
comparison  of  two  gradcH  tins  Fact  should  W>  taken  into  account. 
For  example,  assimung  a  train  rerfistance  at  15  M.P.H.  of  4 
pounds  per  ton,  and  a  curved  resistance  of  3  pounds  per  ton  on  a 
S'*  curve,  then  the  resistance  on  a  1.0  per  cent  grade  will  be 

20+4+3 

r»  .  «  .  «  =  158  times  as  hard  a  pull  as  on  a  0.5  per  cent  grade 

IO+4+d 

under  the  same  conditions,  instead  uf  twice  as  great,  or  in  general 
terms,  ,^^^  .  p  ,  ^  times  as  great,  where  G  and  G'  are  the  rates 

HMj  +W  +  1. 
of  grade  in  per  rent  and  R  ami  C  are  the  train  resistance  and 
curve  resistance  in  pounds  per  ton  respectively.  From  this,  it 
appears  that  as  the  grades  increase,  the  ratio  of  the  total  resist- 
ances more  nearly  e(]uals  llie  rafio  of  the  gradients,  since  the 
other  resistances  become  a  less  proportion  of  the  total. 

E£fect  of  Grades  on  Train  Loads.  The  mathematical  state- 
ment that  the  load  which  a  locomotive  can  pull  is  decreased 
proportionately  with  the  increase  in  grade  applies  to  the  tota.1 
load  that  must  be  moved  by  the  adhesion  of  the  locomotive 
drivers  to  the  rails,  which  includes  the  weight  of  the  locomo- 
tive itself,  of  the  tender  and  of  the  caboose.  Obviously,  the 
determining  condition  is  the  eiTect  of  grades  upon  the  net  train 
load,  or  in  other  words,  upon  the  revenue-producing  train  load. 
The  first  que.stion  that  arises  from  this  consideration  is  the  rela* 
tion  between  tractive  jxiwer  and  weight  of  locomotive,  including 
the  lender.  Table  XXVJII  gives  the  relation  between  the  tractive 
effort  and  total  weight  of  engine  and  tender  for  typical  locomotives. 

To  estimate  the  effect  of  grades  on  train  loads,  it  is  neoes- 
to  deduct  from  the  tractive  [jower  of  the  locomotive  the 
ce  of  the  locomotive,  the  tender  and  the  caboose,  for, 
as  stated  above,  only  that  portion  of  the  train  between  the 
tender  and  caboose  in  revenue  pniducing,  and  it  is  the  effect 
upon  the  re  venue- producing  train  that  is  desired.  The  tractive 
effort  of  most  loromotivos  is  known  from  tests,  or  it  can  be 
estimated  with  a  fair  degree  of  accuracy  by  assuming  a  coef- 
ficient of  friction  and  multiplying  the  total  weight  on  the  drivers 
by  this  cocfBciunt.     The  coeflicient  most  commonly  assumed  is 


!.ne  ien<: 
^  effort  ar 
B  To  . 
^^btry  to 
^^^aifitan 
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Table  XXMII 

RATIO  OP  WEIGFTT  OF  EXGLVE  AXD  TEXDER  TO 

TRACn\X  FOVTER 


Typ*e# 
LocoiBoun. 

Enciae  mad  Twmirr, 
Pooadf- 

Ta««J  wt            \ 

Oauob  a  rr.  «  ncs. 

120,000 
150,000 
153,000 
186,000 
246,000 

228,000 
328.000 

358,000 
26U.000 
358,000 
327.000 
491,000 
752,000 

11.350 
14,180 
20,200 
24.930 
28,900 

22.260 
26,930 
31,550 
33,850 
36,300 
41,100 
60,800 
138,000 

- 

10  8 

10  7 

7  6 

Mikado 

7  5 

8  5 

GaCOK  4  fT.  S|  1N8. 

American 

Atlantic 

Pacific 

Mogul 

Pmiric 
C<m*jIidation   ,    , 

.>■ 

11  4 

12  2 
7  9 
9.8 
SO 
S.I 

MiUet 

5.4 

\,  although  by  the  use  of  sand  it  may  be  increased  to  \  and  on 
slippery  raibi  it  may  not  be  more  than  ^.  For  example,  con- 
aider  the  Mikado  locomotive  of  the  Erie  R.  R.,  whose  performance 
i«  lintcd  in  Tabic  XXIX/  having  a  drawbar  pull  of  44,840  tiehind 
the  tender  on  the  level  at  15  M.P.H.  on  a  0.5  pej*  ce-nt  grade, 
ouuming  3  lbs.  per  ton  as  the  train  resistance. 

Table  XXIX 

TRAIN  TONNAGE  BEHIND  TENDER  OF  ERIE  MIKADO 
LOCOMOTIVE 

FlfUftt  are  Bawd  on  Maximum  Tractive  Power  at  the  Different  Speeds,' 
Con  70  Tona  Oroiw,  and   a  Frictional  Car  RraistAnre   or  3  LIjs.   per  I 
Toa  on  the  Level.     Wei^t  o(  Locomotive,  318,000  Um.;   Tender, 
162,700  Lbi. 


flOMtl, 

Drftwl>»r 

02 

03 

OS 

0  75 

10 

SO 

Pull  »n 

P(-r  cent 

Per  eeol 

Per  cwnt 

P«r  c«Bt 

Pot  MDt 

tm  llr 

I^vol. 

CfMk. 

Gmk. 

Grftd«, 

Grade, 

Gr«(lc. 

Orad*. 

Lbt. 

Tooa. 

Tons. 

TatM. 

Tojw. 

Tnn». 

Tona 

5 

64,  HO 

7530 

583U 

3970 

2800 

2140 

1030    { 

10 

0:^,240 

7261) 

5610 

3820 

2700 

2050 

080 

10 

44,B>IO 

6210 

4800 

3200 

2280 

1740 

810 

an 

37,210 

5140 

3060 

2670 

1800 

1400 

640 

2fi 

29,040 

4IUI) 

3150 

2110 

1460 

1000 

470 

ao 

M,540 

3340 

2550 

1700 

1160 

S60 

340 

Grad^  resistance  of  engine  and  tender  =  240 X. 5X20  =  2400 
lbs.  Available  for  pulling  train  up  grade,  44,840-2400  =  42,440 
Ibfi.  Train  load  that  can  be  pulled  =  42,4404- (10+3)  =3260 
tons.  To  calculate  the  revenue  train  load  that  could  be  pulled 
up  a  0.5  per  cent  grade  where  the  tractive  effort  of  the  loco- 
motive has  been  determined  by  multipl>'ing  the  weight  on  the 
drivers  by  the  coefficient  of  friction,  or  by  testing  with  a  dyna- 
mometer at  a  testing  plant  (see  p.  15S),  tlie  rolling  resistance 
of  the  engine,  tender,  and  caboose  should  be  deducted  also  from 
the  drawbar  pull  in  addition  to  the  grade  resistance  on  them. 
For  clcatnple,  assume  the  total  tractive  effort  available  for  the 
above  Erie  locomotive  to  be  45,700  Iba.  at  15  M.P.H.    Then, 

Grade  resistance  of  engine  and  tcnder  =  240X20X.5=2400  lU. 
Rolling  resi-stance  of  engine  and  tender  =  240  X  3  =  720  lbs. 
KoUing  resistance  of  caboose  (assumed)  =  100  Iba. 


Total  tare  resistance  3220  lbs. 

Available  for  pulling  train,  45,700-3220  =  42,480  lbs. 

Train  load  that  can  be  pulled  up  0.5  per  cent  grade  ^  42,480+ 

(10+3)  =  32C0tons. 

The  tractive  effort  at  any  speed  can  be  calculated  as  shown 
on  p.  154. 

To  determine  the  reduction  in  train  mileage  resulting  from 
a  propofted  change  in  the  grade,  it  is  necessary  to  find,  in  the 
maimer  indicjited  aliuve,  the  train  load  that  can  be  pulled  up 
the  two  grades  and  to  compare  Oiote  train  loads.  Thus»  if  it  is 
propoHoil  to  reduce  a  grade  from  0.75  to  0.5  per  cent,  the  train 
load  that  can  be  pulled  up  the  0.75  per  cent  grade  at  15  M.P.H. 
by  the  above  engine  ts  2280  tons.  The  engine  mileage  required 
to  haul  a  given  traffic  tonnage  up  this  grade  would,  therefore, 
be  2280-^3200X100  =  70  per  cent  of  what  would  have  been  re- 
quired for  the  0.75  per  cent  grade,  or  a  reduction  of  30  per  cent. 

From  a  careful  analysis  of  the  effect  of  changes  of  gradient 
upon  train  loads,  Mr.  A.  M.  Wellington  formulated  the  two 
following  laws: 

"  1.  When  the  rate  of  any  given  ruling  grade  is  increased 
or  decreased,  the  corn-sponding  percentage  of  increase  or  de- 
crease in  the  engine  mileage  required  to  handle  any  given  tonnage 
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^^^B       varies  almost  directly  as  the  change  in  the  rate  of  grade,  bow-     1 
^^^^        ever  much  or  little  the  change  may  be,  slightly  increasing,  however,     J 
^^^^        as  the  increase  is  greater  ami  decreasiiig  as  the  decrease  is  greater.    1 
^^^H              "  2.  The  amount  of  this  percentage  of  increase  or  decrease  in 
^^^^        Ibe  engine  tonnage  varies  considerably  with  each  grade,  being 
^fc^         nearly  five  times  as  much  ou  a  level  as  on  a  3  per  (t?nt  gra<ie." 
^^^B             The  laws  are  still  approximately  true,  perhaps  even  more 

■  1: 
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^^^^^^^                                                            Grida.  Perueac 

^^^H         Fia.  31. — Diagram  Bhuwing  Ro<liirtiori  in  ToniiHgc  with  Intreanc  in  Gradient^ 

^^^^^^t                  TonnaKe  on  the  Level  beiiiK  Token  aa  100  Per  Cent. 

^^^f       nearly  so  than  when  first  proposed,  owing  to  the  decrease  in 
^^^B         train  resistance  per  ton.     Fig.  31  shiiWH  the  proportion  of  full 
^^^H        tonnage  that  can  be  hauled  up  various  grades  by  an  average 
^^H        engine,  the  level  track  tonnage  being  taken  as  100  per  cent. 
^^^B        Ordinarily  the  changcji  In    ruling    gradient  wltlch  an  engineer      | 
^^^H        must   consider   are  not  ver>'  great,  a    small   fraction  of  1  per 
^^H        cent  generally,  but  for  best  results  the  effect  should  be  com- 
^^^V        puted  in  detail. 

^^H              Chfiracter  of  Traffic  Affected.     Where   the  traffic   is   tight 
^^^B        and  the  train  loads  are  well  within  the  power  of  the  locomotives 

CHARACTER  OF  TRAFIC  AFFECTED 
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used,  Bmall  variations  in  the  ruling  grade  may  have  but  little 
influence,  but  under  conditions  of  dense  traffic  where  the  Iqco- 
motives  are  loaded  to  the  limit  of  their  capacity,  practically  all 
of  the  traffic  is  aflfect^^i.  The  operation  of  freight  trains  is 
chiefly  involved,  althouRh  heavy  passenj^cr  trains  may  also  be 
affected.  Obviously  the  diiof  ohjcctitHi  to  a  ln'avy  rilling  gra- 
dient is  due  to  its  limiting  the  weight  and  length  of  trains,  and 
a  reducliou  of  the  ruling  gradient  has  value  only  when  the 
grade  is  a  limiting  factor  anti  not  the  lack  of  humnpsin.  Regular 
local  freights,  which  make  certain  runs  almost  regardless  of 
the  amount  of  freight  to  be  hauled,  seldom  have  their  weight 
or  length  determined  by  the  niling  grade.  Roads  on  -which  a 
large*  portion  of  the  business  is  derived  from  transporting  heavy 
produce>  such  aa  lumber,  coal,  ore,  and  steel  products  in  large 
quantities,  will  be  concerned  chiefly  in  making  the  ruling  gradient 
a  mininmiu. 

Because  of  the  higher  speed  which  passenger  trains  must 
maintain,  passenger  locomotives  are  always  loaded  with  much 
leas  tlian  they  coiilil  actually  pull,  and  hence  they  operate  over 
the  ruling  grade  with  diminished  speed,  much  as  a  fully  loaded 
freight  (rain  passes  over  a  minor  grade.  Moreover,  additional 
passenger  trains  are  usually  put  on  in  order  to  give  more  fre- 
quent service  long  before  the  capacity  of  the  locomotive  is 
arlually  reached.  However,  over  mountain  divisior.3,  the  de- 
creased speed  duH  to  heavy  gradients  of  considerable  length  are 
a  serious  disadvantage  owing  to  the  fact  that  passenger  trains 
cannot  be  broken  up  and  reassembled  at  every  division  point 
with  reference  to  the  grades  of  the  succeeding  division  as  can 
freights,  and  the  increased  weight  of  through  trains  with  the 
hoa\'>'  modern  rolling  stock  that  accompanies  the  luxurious  trans- 
continental passenger  train  of  to-day  make  the  train  that  is 
loaded  for  plains  conditions  very  difficult  to  pull  over  the  moun- 
tain divisions.  Passenger  trains  leaving  Chicago  for  San  Fran- 
cisco or  for  Seattle,  for  example,  remain  ahnoat  unchanged 
throughout  the  entire  distance  regardlew  of  whether  they  are 
passing  over  the  prairies  of  the  Mississippi  valley  or  over  the 
Rocky  Mountains.  Heavier  engines,  however,  are  used  over 
the  mountain  districts. 

It  is  probal»ly  true  that  the  ruling  grade  of  most  roads  that 
have  been  constructed  has  been  chosen  with  a  view  to  the  heavier 
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traffic  that  was  &ntloipflt«(l,  and  this  condition  should  cer- 
tainly always  be  kept  in  mind.  While  it  may  be  advisable  to 
adopt  ft  rather  heavy  ruling  grade  in  first  construction,  owiug 
to  the  small  amount  of  buaiueda  iimuediat4:ty  in  prospect,  the 
possibility  of  a  grade  revision  in  the  event  of  the  growth  of 
traffic  should  constantly  be  before  the  eye  of  the  engineer,  and 
the  line  so  chosen  that  grade  revision  will  not  be  ma<le  impossible. 

Effect  of  the  Length  of  Grade.  The  length  of  the  niMnp; 
grade  from  practical  considerations  may  be  almost  as  imporlaut 
under  certain  circmnstances  as  the  rate.  The  following  extract 
from  the  report  of  the  Committee  on  the  Kconomics  of  Railway 
Location  of  the  /Vmcric-an  Railway  Engineering  Association,  1913^ 
states  the  matter  succinctly: 

'*  Primarily  it  should  be  said  that  the  effect  of  the  length  of  a 
ruling  graxle  depends  entirely  on  what  speed  it  is  necessary  to 
make  Tip  that  grade.  Hardly  any  operating  division  has  more 
than  10  per  cent  of  ruling  grade  in  either  direction.  It  is  generally 
couipulrd  that  a  train  must  average  ten  ndlea  an  hour  over  a 
division  of  100  miles  in  order  to  secure  the  Ijcst  economy.  The 
question  of  economical  speed  will  be  discus.sed  later,  but  for  the 
present  disciissiiin,  ten  miles  per  hour  will  be  iLsetl  for  an  example. 

"Assume  a  division  with  40  miles  of  ruling  grade,  and  60  miles 
jf  either  downhill  or  le.sa  than  mling  grade.  If  8  miles  (kt  hour 
averaged  nn  the  ruling  grades,  and  12  miles  per  hour  nveragod 
on  the  down  grades  and  less  than  ruUng  grades,  the  nm  may  be 
made  in  ten  houi-s.  If  a  urade  is  very  short,  following  a  stretch 
of  either  downhill  or  less  than  ruling  grade,  sufficient  .speed  may 
be  had  at  the  bottom  to  carry  the  train  over  the  top,  even  though 
the  ascending  grade  be  considerably  more  than  the  ruling  grade. 
As  the  train  goes  up  the  hill  its  speed  will  constantly  decrea.s<\ 
The  speed  at  the  top  of  the  hill  must  Ik;  such  that  the  engine  still 
has  some  margin  between  its  maximum  tractive  effort  and  what 
is  required  of  it.  The  result  depends  entirely  upon  the  speed  of 
the  train  at  the  foot  of  the  grade.  Such  a  grade  is  called  a  *  Mo- 
mentum Grade/  and,  while  most  railroad  men  will  «iy  it  is  not 
safe  to  depend  upon  momentum,  it  is  probable  that  there  is  tiot 
an  important  railroad  in  the  country  where  the  locomotive  engi- 
neer cannot  tell  of  portions  of  the  line  that  are  oixrated  in  this 
manner,  even  though  tlie  officers  of  the  railroad  do  not  know  it. 
Were  it  not  for  momentum,  it  is  likely  that  many  curves  would 
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prove  to  be  stalTiDg  points  that  are  now  passed  around  with  not 
much,  if  any.  trouble.  We  arc  learning  more  cvcr>'  day  about 
handlinfc  trains  and  power  at  low  6[)eeils,  but  it  must  be  undc-r- 
stood  that  the**  low  speeds  are  only  for  use  for  short  periods 
of  time,  and  not  for  general  practice  over  a  whole  run.  When  the 
gratle  is  long  enough  for  the  train  to  become  stretched  out  fully 
upon  it,  or,  in  other  words,  when  the  engine  settles  down  to  a 
constant  speed  n-ith  ita  maximum  tonnage,  the  rating  speed  for 
that  particular  train  becomes  fixed.  Without  a  rise  in  (ho  steam 
preesure,  the  train  caxinut  accelerate  as  long  as  the  grade  remains 
the  same.  If  there  is  a  large  percentage  of  this  character  of  line 
on  the  diviiuon,  the  rating  speed  must  l»e  considerably  higher  than 
if  there  are  only  one  or  two  places.  For  instance,  it  may  be 
possible  to  average  7  miles  per  hour  over  one  piece  of  grade,  if 
that  is  the  only  piece  on  the  division,  because  the  difference  in 
time  would  be  made  up  on  the  rest  of  the  division,  but  it  would 
be  manifestly  improper  to  load  an  engine  so  that  such  a  low  hihkhI 
would  i>e  made  ovex  the  whole  run.  Not  only  the  low  speed, 
but  the  constant  demand  on  the  engine  would  be  such  that  the 
fireman  would  play  out,  ami  failure  would  be  the  result." 

Proper  Percentage  of  Rating.  Practical  reasons  also  limit 
the  rating  of  a  locomotive  over  any  engine  district,  as  stated 
in  tlie  report  of  the  same  Conunittee: 

*'  It  has  been  stated  that  a  lo(^omotive  standing  on  a  drj'  steel 
rail  should  be  capable  of  exerting  a  pull  on  a  spring  balance  e<|ual 
to  (approximately)  one-fourth  its  weight  on  drivers.  This 
amount  can  be  increased  by  the  application  of  some  medium  to 
inen^asc  the  coeffitient  of  friction,  such  as  sand,  to  about  35 
per  cent  (for  momentary  purp0i5e3  only). 

"  This  sanui  pulling  power  can  be  used  to  haul  a  train,  includ- 
ing, of  course,  the  engine  and  tender  itself. 

"  Hatings  in  use  arc  never  as  great  as  could  be  pulled  by  the 
Toeomolive  utilizing  a  tractive  power  of  one-fourth  the  weight  on 
drivers.  The  reason  is  apparent.  Time  is  the  essence  of  rating, 
just  as  it  is  the  prime  factor  in  all  railroading.  The  governing 
question  is: 

"  For  how  long  a  time  must  a  locomotive  be  required  to  exert 
ita  maximum  pull  during  any  particular  run? 

"  If  it  is  requiiTd  to  exert  a  maximum  effort  for  only  about 
6ve  minute*  at  a  time,  the  rating  might  be  established  for  a 
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H             Duuimum  effort.  pm\4dr*l  tliat  time  for  rest  of  man  and  recupera- 

^^^_       tMHt  of  fire  elapses  between  the  pcnods  of  manmum  effort. 

^^^p'           "  If  maxiniuni  ratings  w«e  estabUshtHl  for  diviaons  where  the 

^^^       Piling  grades  were  long  enou^  to  require  maximum  effort  for 

H             some  time,  the  foUow'uig  eonditious  would  b&ve  to  be  combated : 

^^                 ''  1.  Poor  draft,  owing  to  slow  exhaust. 

^^^L            "  2.  Poor  fire  on  account  of  poor  and  intermittent  draft. 

^^^H            "  3.  Dirty  fire  on  account  uf  imperfect  combustion. 

^^^H            "  4.  Tired  fireman  on  account  of  heavy  work  for  a  long  time. 

^^^B           "  5.  Steam  failure. 

^^m           "6.  StitlUng. 

^^^P            "  This  is  ordinarOy  the  result  of  taking  steam  at  full  stroke  for 

^M             »  long  period  of  time,  with  a  coal-burning  engine. 

^^^^^g                                             Sonrn  at  coatlaaoal  work  deomded  of  enclae 
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^^^^            "  It  will  be  underHtooit  that,  if  an  engine  Is  adjusted  to  working 

H             under  such  conditions,  an  improvement  may  be  had  compared 

H            with  an  engine  which  is  utilized  on  general  service. 

^^^            "  The  practical  problem  then  is: 

^^^P           "  1.  Flow  long  can  the  ordinary  fireman  keep  his  fire  in  shape 

^P            to  deliver  steam  at  full  8trokc? 

^^^B            "  2.  At  what  rate  does  his  capacity  deteriorate? 

^^^P             "  3.  At  what  rale  c-an  he  maintain  a  steady  and  consistent  per- 

^m            formance  for  long  periods  of  time? 

H                  "  In  order  to  s(>cun^  a»  uniform  working  conditions  as  possible, 

H            it  is  necessary  to  assign  values  as  closely  as  possible  to  these  rates 

H            mentioned. 

H                  "  The  attached  plat,  Fig.  32,  will  represent  about  v^haf.  is  con- 

H            sidered  fair  practice.    '  M  '  speed  iu  that  speed  at  which   boilers 

H^            con  supply  steiaru  at  full  stroke  l>ascd  on  a  coal  consumption  of 
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4000  lbs.  per  hour.  This  diagram  is  intended  to  show  how  much 
a  rating  should  be  reduced  on  account  of  continued  demand 
on  both  fire  and  machine.  The  curve  shows  what  is  Tair  practice 
in  this  direction. 

"  In  order  to  apply  the  chart,  find  out  how  long  a  time  it  is 
feasible  and  practical  for  the  locomotive  to  consume  in  ascrn<)ing 
the  ruling  grade,  and  taking  that  time  on  the  chart,  follow  up 
the  line  and  see  ^vhat  percentage  of  full  rating  may  be  given  the 
engine.  It  is  evident  that  when  the  percentage  of  rating  gets 
as  low  as  60,  it  would  pay  to  keep  a  full  rating  for  the  ruling  grade 
with  an  assisting  engine  to  avoid  penalizing  all  the  rest  of  the  run 
improperly. 

"  \\'hen  the  ruling  factor  in  the  operation  is  to  conserv-e  power, 
the  greatest  numl>cr  of  ton-miles  per  enginc-mile  is  the  figure  to 
work  for.  This,  however,  will  not  always  produce  the  lowest 
cost  per  ton-mile.  At  times  there  is  a  shortage  of  train  crews 
and  a  surplus  of  power.  In  this  cose  it  becomes  imperative  to 
make  the  greatest  number  of  ton-milea  per  trjiin-inile.  This 
nearly  always  shows  the  greatest  economy  of  movement." 

Choice  of  Ruling  Gradient  The  choiee  of  ruling  gradient 
is  made  by  balancing  the  cost  of  operation  over  a  given  gradient 
against  the  cost  of  reducing  it,  and  the  economic  gradient  will 
be  the  one  that  will  moke  the  sum  of  these  two  items  a  minimum. 
That  is,  the  total  cost  of  interest  on  initial  cost  plus  operating 
expenses  over  the  division  should  Im;  a  minimum. 

Two  considerations  must  Im  taken  into  account  in  determining 
the  rate  of  ruhng  gradient  to  be  adopted,  namely,  (1)  the  selec- 
tion of  the  economic  ruling  gradient  for  any  one  division  and 
(2)  the  relation  of  operating  conditions  over  this  division  to  those 
isting  on  the  remainder  of  the  line.  Where  different  niling 
idients  on  adjoining  engine  divisions  are  unavoidable,  due 
nonaideration  must  be  given  to  the  cost  of  bn^king  up  and  refonn- 
ing  trains  at  the  division  points,  for  the  trains  must  be  ma<lc  up 
with  respect  to  the  grades  occurring  on  the  succeeding  division. 
The  selection  of  the  proper  ruling  gradient,  as  stated  above,  is 
entirely  a  question  of  economics,  and  the  degree  of  correctness 
attained  in  the  result  will  depend  upon  the  completeness  and 
accuracy  of  the  data  U|K)n  which  the  Holutiun  is  bostMl,  including 
the  accuracy  of  the  estimate  of  the  quantity  and  class  of  the  traffic 
to  be  handled  and  the  care  with  which  the  surveys  arc  made. 
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As  stated  previously,  railroad  location  is  the  problem  of  design- 
ing  the  most  economical  transportation  plant  to  6t  the  conditions 
given.  The  plant  shuuld  not  be  more  expensive  than  the  con- 
ditions justify,  nor  should  it  be  inadequate  to  meet  the  needs 
of  the  situation.  Thus,  error  and  poor  design  may  arise  from 
an  attempt  to  use  too  low  a  ruling  gradient  as  well  as  from  the 
use  of  one  too  steep. 

Where  a  given  elevation  is  to  be  overcome,  extensive  develop- 
ment intriKlucing  great  distance  may  be  a  mitilake,  for  the  work 
done,  the  fuel  consumed,  and  the  increawd  maintenance  in 
passing  over  this  di.stanec  may  amount  to  more  than  increased 
cost  of  operation  over  a  heavier  gradient,  espt^cially  if  the  traffic 
expected  is  more  or  less  problematical  and  the  ruling  gradient 
that  can  be  obtained  over  the  shorter  route  is  at  all  a  reasonable 
one. 

In  the  choice  of  ruling  gradient,  some  consideration  should 
be  given  to  future  possihlc  revisions  of  the  line.  To  illustrate 
this  point,  cases  might  be  cited  where  it  has  been  necessary  to 
abatulon  practically  the  entire  line  in  order  to  secure  a  needed 
grade  rpdu<*liou.  whereas  on  other  location8>  a  ooniparatively 
small  amount  of  work  in  raising  track  at  low  places  and  lowering 
it  at  others,  the  construction  of  a  tunnel,  or  a  shift  of  a  sliort 
stretch  of  line  has  given  the  needed  imprtwement.  A  proposed 
route  may  be  a  low  gradient  location  with  the  exception  of  a 
short  [mrlion  which  can  be  made  to  conform  to  the  remainder 
of  the  line  when  the  traffic  shall  have  Iwcome  sufficient  to  justify 
the  necessary  exjxinditure.  In  this  respect,  the  possibilities  of 
futur(>  grade  revision  should  be  kept  in  mind  in  the  original  loea^ 
lion. 

Wellington  formulated  tlie  following  rule  for  the  selection  of 
gradcu:  "Follow  that  route  which  affords  the  easiest  possible 
yrmlrs  jar  the  longest  possible  distances,  using  to  that  end  such 
amuuntd  of  distance,  curvature,  and  rise  and  fall  as  may  be  nec- 
Qtwary,  and  then  pass  over  the  intervening  distances  on  suck  grades 
as  arr  thru  foumi  tircfuftary. 

Ectimfttlng  the  Value  of  Grade  Reductioa.  In  the  con6ider> 
atiou  of  any  particular  case  involving  a  comparison  of  two  or 
muiv  innpow'tl  gnidca,  it  is  ncceiwary  to  detennine  as  nearly  as 
p4.iM4bU«  the  tfTuet  of  each  case  on  operating  conditions.  In 
cuiupariug  the  elToet  of  these  grades,  it  is  necessary  to  take  into 
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The  ratio  uf  the  total  resii^tance  on  the  two  gmdes  will  be 


consideration  all  of  the  elements  that  enter  into  the  problem. 
The  gratle  resistance  must  Iw  added  to  the  ordinary  train  re- 
sistance and  cur\'e  resistance,  inertia  resistant!.  The  amoimt 
of  theK"  rcaistaiicea  has  been  (hscussed  at  another  place.     The  first 

I  question  to  be  answered  is,  What  will  be  the  effect  on  the  train- 
mi 
wl 
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where  G  and  O'  arc  the  per  cents  of  grades,  TT,  and  Wi  the 
weights  in  tons  of  engine  and  train  respectively,  ff,  and  /?i  the 
reeislances  in  ]iounds  of  enrciue  and  train  reepectively,  and  Cthe 
resistance  in  pounds  due  to  curvature.  The  effect  on  operttting 
expenses  of  an  increosi^  in  train  mileage  for  a  given  traffic  is 
shown  in  Table  XXVII. 

The  effect  of  any  change  in  grade  on  cost  of  operation  may  be 
estimated  by  an  analysis  of  u[K'rating  expenses  in  a  manner  simi- 
lar to  that  used  previously.  Table  XXX  shows  the  cost  per  train- 
miJc  for  an  additional  train  that  may  be  required  bticause  of  heavier 
gni<ies  to  handle  a  given  tonnage.  From  this  table,  it  appears 
that  the  cost  of  an  additional  train  would  be  on  the  average, 
S1.76X.3431=S.604.  Adding  S.02  for  interest  on  the  additional 
engine  and  eal>cK>se,  gives  $.t>24  as  the  average  rost  per  train-mile 
for  the  additional  train.  This  is  on  the  assumption  of  $1.76  as 
the  cost  per  train-mile.  While  this  is  the  average  cost  for  the  year 
1914,  the  artual  eosl  for  the  road  in  question  should  be  used 
where  data  ai"c  available,  or  otherwise  that  of  a  similar  road  in 
Uko  territory  should  he  employed.  By  reducing  the  gradient 
so  that  the  traftic  can  tje  handled  by  any  mmiIxT  of  trains  Ivsa 
per  day,  the  effect  on  ()[M>ruting  expenses  can  thus  Iw  estimated, 
and  the  saving  computed.  This  sum  capitalized  will  indicate 
the  amount  that  might  be  justifiably  spent  in  making  the  change. 

For  exaiitple,  suppiwi!  that  the  grade  on  a  tangent  is  to  be 
redccod  from  1.0  to  0.75  per  cent  and  is  to  be  operated  by  the 
Erie  eriKine  mentioned  on  p.  222,  the  sixt^d  to  l>e  10  M.P.H, 
The  reduction  in  train  mileagcjequired  to  handle  a  given  amount 
of  traffic  is  found  to  be  2250^^2700  =  .76  of  that  previously 
recpured.  or  a  saving  of  24  per  cent.  Thus,  on  a  100-mile  divi- 
sioB  with  15  trains  each  way  per  day,  ttiid  wouJd  mean  a  saving 
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^^        of  $.624X100X2X365X15X.24  =  $1G4,1G0.    This,  capitalized  at     1 
H              6  per  ceni  amounts  to  $2.73(1,000,  the  sum  that  miglit  tx:  justi- 
^■^       fiably  spent  in  niulcing  the  change. 

^B                                             Table  XXX 

^^V           COST  PER  TRAIN-MILE  FOR  AN   ADDITIONAL  TRAIN   TO 
■                                               HANDLE  A  GIVEN  TONNAGE 

^^^^^^_^ 

Avnmgr  Cucl, 
Per  cent. 

Proportion 
Ancotad, 
Pof  MIL 

C<Mrt  ot 
AdtUUiw«l 
lV«in  per 

Tniin-nkilr, 
Ptt  eepl- 

H          p-m") 

.33 
3  07 

.88 

6,85 
1  69 
S  06 
9.34 

.86 
2.83 
1.64 
1.73 
6.96 
1.73 
9  42 
98 
1  H4 

.53 
22  69 

51  66 

10 
25 
25 
26 
10 
10 
S 
75 
10 
50 
50 
25 
100 
75 
75 
75 
75 
25 
25 

08 

77 

22 

25 

.60 

17 

26 

7  03 

.08 

1.41 

.82 

.43 

6.95 

1  30 

7  07 

.74 

1  38 

13 

5.69 

^M                Other  Lrui-k  mutcriut  .  . 
^1                Roadway  iuk)  trarlc. . 

^B                 )'Brd  crews 

^1                 Water,  etc 

^M                 Tmin  supplies.                       

^^              Otticr  irucLsiturtatiun  expenses. . . . 

^^H           Total 

34  ;n 

^^"             Light  Traffic  Railways.    The  ruling  gradient  as  defined  in 
H              this  chaptfr  hii^^  very  liltlt;  si^iiiBranL-c  uii  hghl  irailie  railways^ 
H             that  is,  on  railways  over  whicli  the  practical  mininmm  iiuml>er 
H             of  traii)»  can  ix*adily  cany  the  traffic.    This  statement  appUcs 
H              to  electric  intcnirban   raihvayK  for  paaaengor  servire  also.     In 
H             the  latter,  the  value  of  high  speed  iiuiiist  be  balanwd  against 
H             the  fixed  charges  involved  in  reducing  grailient,  and  in  the  ease 
H              of  light   traffic  stcani   raitwaj-s  the  chief  oljjrc^tive  i.s  to  seleet 
H             gnideH  than  can  be  ascended,  even  at  low  speed,  by  the  light 
V             trains  that  nn^;  to  \>v  operalcd  and  to  keep  maintenance  of  way 
H             expt'nM'S  a  minimum.     Maintenance  of  Way  and  Htnietures  is 
H^            a  much  larger  percentage  of  the  total  operating  expense  on  small 
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GRADES  ON  SIDINGS 

roads  than  ou  large.  The  (lifTercnix>  ui  Ibe  uiM^rating  and  main- 
tenance  coats  of  a  h('a%-y  ItHxyuotive  required  (o  pull  the  light 
train  over  the  steeper  grades  and  of  a  lighter  loeomotivc  that 
might  be  required  over  easier  grudcii  in  hut  trifling. 

Many  branch  line-s  which  serve  a  thiidy  popidated  and  poorly 
productive  region  are  required  for  various  reasons  to  run  perhaps 
oue  freight  train  and  one  passenger  train  each  way  per  tlay, 
or  at  least  one  mixed  train  each  way,  and  neither  of  these  has 
any  difficulty  in  carrying  all  the  traffic  that  is  offered.  Under 
such  circuuistauces,  the  ruling  gradient  does  not  in  any  way 
limit  the  weight  or  length  of  train  that  can  he  operated  over 
the  division.  Many  such  branch  lines  have  Ijcen  built  In  the 
past,  as  some  one  has  rather  fa<«tiously  remarked,  "following 
grass  roots  for  grade  and  local  subsidy  for  line/'  and  have  served 
to  build  up  the  communities  and  still  serve  as  f(^edc^s  to  main 
Uue  roads. 

Another  class  of  light  traffic  branch  lines  arc  those  built 
from  main  line  roads  into  more  populous  regions  that  arc  served 
chif^fly  by  other  roads  to  connect  the  main  line  with  such  n-gions 
in  order  to  handle  directly  such  business  as  may  originate  at 
such  points.  It  is  frequently  impracticable  for  the  main  line 
of  a  railroad  to  reach  a  center  of  population  which  may  offer 
considerable  business,  but  which  may  lx>  10  to  50  miles  away 
from  the  right  of  way.  Again,  such  a  communily  may  grow  up 
after  the  railroad  is  locati^l  and  it  may  l)ecome  desirable  to 
construct  a  tap  tine  to  it  for  such  business  as  it  may  offer. 
Under  such  circumstances,  the  light  traffic  railway  is  built  and 
operated  without  any  great  pxpc^ntliture  in  attempting  to  re- 
duce ruUng  gradient,  for  the  traffic  in  all  probability  will  never 
Xk  such  that  the  trains  wilt  l>e  Umitetl  in  any  sense  by  the  ruling 
grade. 

Grades  on  Sidings.  NNIien  on  single-track  lines  sidings  are 
placed  on  maximum  grades,  care  must  be  exercised  to  reduce 
the  grade  on  the  stdiiig»  l)elow  the  nding  gradient  lest  trains 
loading  for  the  ruling  gradient  should  stall  with  their  load  while 
pulluig  from  the  siding  on  to  tbe  main  line,  owing  to  the  fact 
that  train  resistance  is  much  greater  at  starting  after  a  train 
has  l)een  standing  for  some  tin)e  than  after  it  has  Ijeen  in  motion 
a  while.  The  resistance  of  starting  should  be  taken  as  15  to 
20  lbs,  per  ton  in  c^drululitig  the  proper  rule  of  reduction  on 
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the  siding.  The  grade  at  the  lower  end  on  the  siding  can  be 
made  greater  to  compensate  for  the  decreased  rise  in  the  upper 
end,  for  the  only  effect  of  steeper  grade  at  the  entering  end  is 
to  assist  the  train  to  stop  by  offering  some  of  the  resistance 
that  would  otherwise  have  to  be  furnished  by  the  brakes.  This 
increased  grade  resistance  at  the  lower  end  may  be  overcome  by 
the  velocity  head  that  the  train  has  on  entering  the  siding  and 
which  would  have  to  be  overcome  anyhow  by  the  brakes  when 
coming  to  a  stop  on  the  siding. 
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CHAPTER  XrV 


MOMENTUM   AND  MINOR  GRADES 

Theory  of  Kinetic  Energy.  The  underlying  principles  of 
kinctin  fcn(;rKy  were  briefly  outlined  in  Chapter  XI  in  connec- 
tion with  inertia  resistance  to  the  motion  of  trains.  It  vriU 
he  recalled  that  the  principle  was  established  that  the  work 
done  on  a  Imdy  by  a  force  nquala  the  increment  of  energj'  stored 
in  the  body  by  virtue  of  that  work  and  in  the  event  that  all  of 
the  increment  of  encrjQ'  is  kinetic,  the  work  done  equals  tlie 
iiiureuieut  of  kinetic  energy.     That  is, 

^  0  ^g 

the   first  term   representing  the   energy  in  translation  of  the 

entire     train,    and     the    M'cond     the     energy    of    n>tation    of 

the   whK'la.     It    was    also    shown    that    the  second   term    on 

the  average  amounts   to   about   5   per  cent  of   the  first,  and 

hence  the   total   kinetic  energy  of   a  moving  train  amounted 

W 
to  ;;-i:'*Xl.05,  and  the  amount  of   work 
2g 

the  train  by  virtue  of  its  velocity  equals  this  quantity.     If  the 

work  that  a  lx>dy  performs  by  virtue  of  its  velocity  conuBts 

in  lifting  its  own  weight  a  certain  height,  h,  that  height  would 

be   found   by   equating   the  work   done   to  the   energy,   thus, 

Wh  =  —i^.  or  A  =  S--    Tliat  is,  a  body  having  a  velocity  of  v  feet 

per  second  would  rise  by  virtue  of  this  velocity  to  a  height  equal 
to  the  velocity  aquansl  divided  by  twice  the  gravity  acceleration 

constant.    The  quantity,  v-.  is  sometimes  railed  the  "  velocity 

hejul  "  'und  in  u  familiar  tenn  in  hydraulics  and  other  prob- 
lems  in  dynamics.  For  a  train  the  velcM-ity  head  Hhiiuld  Iw 
iiKTcased  5  per  cent  on  account  of  the  rotative  energy  of  the 
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that  can  be  done  by 
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wheels,  as  staleil  alKivc,  and  when  thus  incrp^aed  and  rwJuped 
to  terms  of  miles  per  hour  instead  of  feet  per  second,  the  ve- 
locity head  becomes  0.035Ur^.  Ignoring  friction,  a  train  would 
ascend  a  ^rade  until  it  rrafhed  a  height  equal  to  the  veloriiy 
head  before  coming  to  a  slop.  This  principle  of  velocity  head 
and  height  of  ascent  is  used  frequently  in  the  solution  of  prob- 
lems of  gradfa  on  railroads.  Table  XXXI  gives  the  velocity 
heads  or  values  of  U.(J351lV'^  for  velocities  from  1  to  50  mifes 
per  hour. 

Use  of  Momentum.  A  body  in  motion  will  continue  in  mo- 
tion with  an  unvarying  velocity  so  long  as  the  externally  applied 
forces  arc  in  equilibrium,  according  to  a  well-known  principle 
of  mechimica.  Thus,  a  train  pulled  by  a  loc^omotive  will  con- 
tinue at  a  unifonti  speed  if  the  locomotive  exerts  just  enough 
force  on  the  drawbar  to  overcome  the  total  train  resistanee. 
Under  such  conditions,  the  train  is  moving  as  if  not  acted  upon 
by  any  external  forces.  With  a  given  velocity,  therefore,  the 
train  would  Ik  able  to  ascend  a  grade  to  a  height,  h,  equal  to 
0.0351  ll'^  by  virtue  of  this  velocity  and  it  would  have  zero 
velocity  when  it  attained  this  height.  This  energy  may  be 
disBipated  by  allowing  the  train  to  nm  against  ordinary  rolling 
resistance  on  the  level,  or  by  applying  a  rctarding  force  by 
means  of  the  brakes.  On  the  other  hand,  the  energ>*  that  a 
train  has  by  virtue  of  it«  velocity  may  lie  used  in  conjunction 
with  the  pull  of  the  locomotive  to  earrj'  the  train  up  a  grade. 
Thus,  if  a  locomotive  lias  suflietcnt  power  to  pull  its  tram  up 
a  G  per  cent  grade  of  a  given  length  at  a  uniform  velocity,  theo- 


rctically  it  will  pull  it   up  a  grade  of  ^'+0.03511 


L 


per  cent  of  the  same  length,  if  the  velocity  is  reduced  in  the 
ascent  from  Vo  to  Vi,  L  being  the  length  of  the  grade  in  lOO-foot 
stations 

In  addition  to  the  kinetic  energy  stored  in  a  train  having 
a  given  velocity,  the  locomotive  of  the  train  that  has  been  running 
on  the  level  or  on  descending  grades  has  considerable  excess 
energy  stored  in  its  boiler  ilue  to  increnHctl  steam  pressure  and 
to  dryer  steam.  This  "  boiler  momentum  "  is  not  capable  of 
exact  anal.vsifl  and  vcrj'  few  experiments  have  been  made  to 
determine  ita  amount,  but  ita  existence  is  commonly  recognized. 
On  the  other  hand,  the  stored  energj'  due  to  the  velocity  of  the 
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^^^^^H 

^                Table  XXXI 

■ 

'i'ELOClTY  HEADS 

H      Vclmity.  M.PH 

00. 

0.1 

0.2 

0.3 

0.4 

0.6 

0.6 

0.7 

0.8 

0.9 

H       0 

01 

02 

m     I 

.03 

Oi 

.05 

.06 

07 

.08 

09 

.10 

11!     .13                 1 

.14 

.15 

.17 

.19 

.20 

.22 

24 

.26 

28 

30 

^      8 

.32 

.34 

36 

.38 

,40 

.43 

.46 

.48 

51 

.54 

■     4 

.56 

.59 

.62 

.65 

,68 

.7] 

.74 

.78 

,81 

.84 

■     S 

.88 

.92 

.96 

99 

!,02 

1,00 

1   10 

114 

1    18 

1-22 

■       6  

1.20 

1.31 

1.35 

1.40 

1.44 

1.48 

I  ^^ 

1  58 

1.62 

1.67 
2.19 

■        7 

1.72 

177 

1.82 

1  87 

1  92 

1.97 

2  03 

2-08 

2  14 

■      S 

2.25 

2.30 

2.36 

2.42 

2.48 

2.. 54 

2  m 

2  60 

2,72 

2,78 

■      ^. 

2.84 

2.90 

2.97 

3.04 

3.10 

3.17 

3.24 

3  31 

3.38 

3.44 

■    10. 

3.51 
4  25 

3.58 
4  33 

3.66 
4  41 

3.72 
4.49 

3.79 
4.57 

3.87 
4,65 

3  95 

4  73 

4  02 
4.81 

4.10 

4,89 

4-17 

4.97 

■  tl 

■   tst 

a  05 

5.15 

6,23 

5.32 

5.41 

5.50 

5.58 

5  67 

5  75 

5  84 

5  93 

6.02 

6  12 

6.21 

0.31 

6.40 

6  50 

8,59 

6.69 

6  78 

F  M.<: 

6.88 

6.98 

7.  OS 

7  19 

7.29 

7.39 

7.49 

7  eo 

7  70 

7.80 

7  90 

8.00 

S.U 

S  22 

8.33 

8.44 

8  55 

8  66 

8  n 

8.88 

16     

8.W 
10  15 

9.10 

10.27 

9,21 
10  3fl 

9,32 
10  51 

9.43 
IO.r.3 

9.55 
10.75 

9  67 
10.87 

9  79 
10  99 

9  91 
11.12 

10  03 

11  25 

17 

11.38 

11.50 

11.63 

11.76 

11.89 

12.02 

12.15 

12  2S 

12.41 

12  55 

12.68 

12.81 

12.95 

13.08 

13.22 

13.35 

13.49 

13.63 

13.77 

13.91 

^^^^M 

14  05' H.  Id 

14  33 

14  47 

14,61 

14.75 

14.89 

15  04 

15  19 

15  34 

^^le 

15  49  15  64 

15  79 

15  W 

16.09 

16.2416.3i) 
17.78  17.94 

16.54  16,69 

16  81 

^^B^P 

17  (10  17.15  17.30 

17.46 

17.62 

18.10  18.26  18  42                   1 

^V^B 

18  58  18  74  18  90 

19  ()6 

19,22 

19.38 

19.55 

19,72  19  S9[20.06 

20  23 

20.40,20.57 

20.74 

20.91 

21.08 

21.  S.*) 

21  42  21.5921  77 

^^H^^b 

21  95 
33.74 

25  60 

22, 12 
23!92 
25  70 

22  30 

24  10 

25  98 

22  4S 
24 .  28 
26  17 

22.66 
24.46 
26  36 

22.84  -23  02 

-»:i  '?n-'3  .W2a  .w                U 

^^^HK 
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train  and  tho  ndditionAl  steam  cannot  bo  spread  out  uniformly 
over  a  long,  steep  grade  owiug  to  the  variuuH  lasses  that  occur. 
For  instance,  a  train  running  from  .4  to  B  several  miles  apart 
with  the  engine  working  steam  all  the  way  will  have  about  the 
same  velocity  on  reaching  B  whether  it  started  from  rest  or  with 
an  initial  velocity. 

From  the  beginuing,  practical  railroad  men  appreciated  the 
advantage  obtained  by  "  making  a  run  for  a  hill  "  and  the  con- 
comitant difficulty  of  starting  after  a  stop  on  a  grade.  As  seen 
from  the  above  discussion,  the  amount  of  this  practical  advantage 
is  capable  of  fairly  exact  calculation.  To  a  certain  extent,  it 
is  conaidered  good  practice  to  take  advantage  of  the  effect  of 
velocity  head  in  determining  the  ruling  gradients,  particularly 
in  difHcult  rountr>'  on  hght  and  medium  traffic  railroads-  With 
this  in  mind,  the  ruling  gradient  would  become  the  one  that 
makes  the  maximum  actual  demand  upon  the  locomotive.  Mo- 
merUum  grades,  that  is,  thow^  grades  that  are  surmounted  partially 
by  means  of  the  velocity  head  that  the  train  has  at  the  bottona, 
may  \x  used,  although  they  arc  actually  steeper  than  what  would 
under  normal  conditions  of  operation  be  the  ruling  gradient. 
Momentum  grades  should  not  in  any  ease  exceed  ttiat  up  which 
the  locomotive  can  handle  its  train  in  two  sections,  in  the  event 
that  it  is  forced  to  stop  in  the  sag  or  for  any  other  reason  is  unable 
to  approach  the  grade  with  the  velocity  ncces!«iry  to  i-each  the 
summit.  Obviously,  the  length  of  a  momentum  grade  is  as 
important  as  its  rate,  for  either  represents  an  amount  of  energy 
(X)ii8unied. 

A  rule  given  in  the  report  of  the  Committee  on  Economics  of 
Railway  Ix>ralion  of  the  American  Railway  Engineering  Associa- 
tion in  1914  states. 

"  In  the  calculation  of  the  length  of  momentum  grades,  the 
maximum  speed  of  freight  trains  at  the  bottom  of  the  sag  should 
not  exceed  the  speed  limit  for  such  trains  on  the  engine  district 
un<l*T  consideration,  and  the  minimum  speed  at  tiie  top  of  the 
grade,  where  the  velocity  grade  joins  an  ascending  grade  of  any 
considerable  length,  should  not  bo  less  than  11  miles  |)er  hour 
and  the  minimutu  s\Kcd  un  summits  should  not  im  less  than  9 
miles  per  hour." 

Feasibility  of  Momentimi  Grades.  lu  the  past,  lo<?ating 
engineers  have  frequently  made  ust*  of  momentum  grades  in  the 


design  of  railway  locations,  but  modern  conditions  of  traffic 
make  it  inadvijaiblo  generally  to  count  on  momentum  as  a  neces- 
sar>*  factor  in  overcoming  grades  that  are  heavier  than  the  estab- 
lished ruling  gradient.  This  st^itcment  applies  particularly 
to  busy  lines,     A  block  signal,  a  water  station,  a  snnw  drift,  or 

(any  number  of  other  causes  for  occasional  stops  might  prevent 
the  full  realization  of  the  effect  of  momentum  and  a  blockade  of 
traffic  might  n»ult.  On  heavy  Traffic  lines  such  a  blockade  of 
the  movement  of  trains  would  }>e  a  serious  matter  o\ving  to  the 
direct  loss  of  time  and  the  indirect  moral  effect  on  basiness.  , 
Momentum  grades  should  not,  therefore,  be  ased  as  an  ex- 
pedient  for  cheapening  construction,  but  rather  as  a  last  resort 
in  overcoming  a  ba<l  condition  of  topography.  A  location 
designed  without  counting  on  the  use  of  momentum  will  be  all 
the  more  satisfactory'  when  momentum  is  available  in  the  prac- 

>tical  operation  of  tlic  tine,  and  the  loss  resulting  from  the  failure 
to  utihze  the  effect  of  momentum  in  the  original  deiiign  will 
Dot  be  more  than  might  be  expected  in  providing  a  factor  of 
safety  by  any  other  means.  In  grade  reductions  on  an  existing 
Kne,  however,  it  may  happen  that  momentum  grades  caji  be  used 
to  advantage  owing  to  the  nature  of  the  route  originally  selected. 

/Virtual  Gradient  and  Virtual  Profile.  In  view  of  the  fore- 
going discussion,  it  is  obvious  if  a  locomotive  is  required  to 
accelerate  its  train,  it  is,  in  effect,  overcoming  additional  grade 
resist&nce  and  the  effpctual  gradient  is  greater  than  the  actual 
H  grade,  and  conversely,  if  the  train  is  slackening  its  speed,  the 
effectual  gradient  is  less  than  the  actual  grade.  Thus  if  a  loco- 
motive starting  from  rcat,  say  at  a  station  or  at  a  water  tank, 
gives  its  train  a  velocity  of  30  M.P.H.  in  going  half  a  mile, 
it  effectually  lifts  the  train  an  additional  31.G0  ft.  in  that  dis- 
I         tancc,  or  adds  1.2  per  cent  to  the  grade.     If  the  train  had  started 

Pfrom  the  station  on  a  down  grade  of  1.2  per  cent,  it  would  have 
attained  the  speed  of  30  M.P.H.  without  the  locomotive  exerting 
I  a  drawbar  pull  greater  than  that  necessary  to  overcome  onlinary 
train  resistance.  If  a  train  with  a  velocity  of  30  M.P.U.  should 
approach  the  Iwtlom  of  a  1.0  per  cent  grade  1000  ft.  long,  it 
could  arrive  at  the  top  by  losing  10  feet  of  velocity  head,  or  having 
its  velocity  a-duced  to  24.8  M.P.H.  without  the  engine's  exerting 
any  fwce  on  the  drawbar  other  than  that  required  to  overcome 
rolling  resistance  of  the  train. 
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The  locating  engineer  is  chiefly  concerned^  therefore,  with 
the  actua!  demand  on  the  locomotive  rather  than  the  gradient 
whicli  the  profile  may  show.  The  gradient  Ihat  is  actually 
overcome  by  the  locomotive  is  called  the  virtual  gradienl  and  the 
virtual  profile  is  the  succession  of  virtual  Rriidicnls.  Tlie  vir- 
tual profile  may  U;  widely  different  from  the  actua)  profile  and 
should  be  very  carefully  investigated.  It  is  not  a  succession  of 
straight  grade  lines  similar  to  the  actual  profile,  but  is  a  suceessitin 
of  vertical  eurvcs,  owing  to  the  variation  in  the  drawbar  pull  of 
the  locomotive  and  of  train  resistance  with  the  speed,  resulting 
in  a  non-uniform  variation  in  the  velocity  and  consequently 
in  the  velocity  head.  In  general,  the  virtual  profile  is  the  same 
as  the  actual  profile  when  the  train  is  standing  or  moving  at 
constant  speed,  and  it  leaves  the  actual  profdi^  when  the  yi>ep(l 
increases  and  approaches  it  as  the  sp«M;d  decreases.  After  the 
virtual  profile  is  once  established  no  further  allowance  can  be 
made,  and  the  niaximuiii  virtual  grade  will  be  absolute  iu  limiting 
the  weight  and  speed  of  the  train.  ■ 

(hi-fto)   ^  ^  . 
The   virtual  grade  will  be  in  general,  G— . —  i  0  boing 

the  actual  per  cent  of  grade,  ho  and  Aj  the  initial  and  final  velocity 
heads,  and  L  the  length  of  the  grade  in  l()0-ft.  stations.  For 
examptn,  if  the  velocity  drojK  from  20  to  15  M.P.H.  in  ascend- 
ing 2000  ft.   of  0.6  per  cent  grade,  the  virtual  grade  will  be 

0.6 '■ ^—  =  0.29  per  cent. 

20 

Locomotive   Speed  Characteristics.     If  a  locomotive  could 

deliver  a  ccm.^tant  drawbar  pull  regardli'*^  of  the  spt'pd  and  if  tho 

train  resistance  remained  unchanged  when  the  s|)eed  varied,  a  train 

might  Iw  operated  over  undulating  gradee  with  the  same  facility 

as  on  the  level,  merely  storing  up  encrg.v  on  the  down  grades  and 

paying  it  out  again  on  the  up  grades.     As  has  been  Indicated  in 

previous  chapters,  neither  of  these  conditions  actually  obtain. 

For  a  constant  horsepower  output,  the  tractive  effort  varies 

inversely  as  the  speed,  or  VxT=  a  constant.     As  shown  in  Fig. 

33,  there  is  a  certain  range  of  rate  of  piston  travel  that  permits 

the  maximum  power  output,  varying  usually  from  700  to  1000 

ft.  per  minute,  and  hence,  operation  is  most  efficient  at  these 

speeds.     The    drawbar    pull  decroases    after  speed    ^f  (piston 

speed  of  250  ft .  per  minute  in  Fig.  33)  and  the  drawbar  puU  at 


any  other  spwd  is  found  by  multipli'inK  the  drawbar  pul!  at 
M  by  the  speed  factor  in  per  cent  for  tho  given  speed. 
The  tractive  effort  at  any  speed  (Impends,  therefore,  upon  the 
steaming  capacity  of  tlie  Imilcr  to  a  ureat  extent,  and  uUiinuI^Iy 
upon  the  heating  surface  available.  One  prominent  manufacturtT 
designs  locomotives  on  tht?  basis  of  1  Itorsepower  at  the  tread 
of  the  drivers  at  running  speeds  for  ever}'  2.5  sq.  ft.  of  heating 
surface.     Whatever  this  ratio,  it  is  manifest  that  the  tractive 
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orf  at  various  speeds  is  directly  dependent  upon  the  capacity 
of  the  boiler. 

Since  a  locomotive  cannot  produce  steam  at  a  rate  to  keep 
pare  with  the  deniand  at  higli  Pjieeds,  the  I'lit-ofT  is  phorlened  for 
high  velocities,  thereby  shortening  the  period  in  which  .steam  enters 
the  cytinders,  allowing  the  steam  to  expand  to  a  greater  extent 
and  hence  derrejising  the  anionnl  used  per  ulrnke.  Thi-s  shortened 
cut-off  producep  less  work  in  the  cylinders  per  fltn>kc  and  con- 
sequently decreases  Ihe  tractive  power  at  the  drivers. 

t.ength  of  Momentum  Grades.  Since  the  energ)-  stored  in 
the  train  may  Ijc  expended  in  doing  work,  tins  work  may  be  dis- 
tributed, theoreticJilly  at  least,  ovex  the  length  of  the  grade,  the 
tractive  power  of  the  locomotive  and  the  effective  force  result- 
ing from  the  loss  of  velocity  being  added  directly  to  pull  the  train 
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up  the  KTOflo.    As  a  matter  of  fact,  owing  to  the  variableness  of 

the  tractive  power  of  the  locomotive  and  of  train  re^stance, 

there  are  errtain  limitationR  to  Ruch  a  cnmhininf;  of  forces.     When 

the  thcor>'  of  mooientuni  grades  wa«  first  developed  and  explained, 

the  mislakc  was  made  in  assuminK  that  the  stored  encr^  could 

be  Hpre-ad  out  indefinitely  over  a  long  gmdc,  whenyis,  on  the 

coolrary,  the  final  speed  at  which  the  train  arrives  at  tlic  top  of 

a  long  grade  is  almost  independent  of  the  speed  at  the  tx>ttom 

From  foruuilas  proviotisly  developed,  the  distance  tiiat  a  train 

can  proceed  up  any  grade  by  virtue  of  ita  velocity  may  be  deter- 

70.4(Fi*-Fa*) 
mined  theoretically  by  the  equation,  s  = ,  where 

r 

F|  and  V2  are  the  vclocitiea  at  the  Iieginning  and  the  end  of  the 
Btrctch  and  F  \n  the  net  tractive  force  available  per  ton.  Since 
the  tractive  force  varies  continuously,  this  equation  could  be 
statefl  more  accurately  as, 

,  =  70.4  f?^. 

Fv  Ijeing  the  net  pull  available  for  accelerating  the  train. 

Taking  increments  of  speed  of  1  M.P.H.,  such  a  summation 
Iwtwpen  the  liniiLing  speedH  can  lie  readily  made.  For  example, 
with  the  following  assumptions  as  to  tractive  effort  and  resistance, 
for  a  1.0  per  cent  grade,  the  calculations  may  be  illustrated  as 
shown  for  speeds  between  25  and  21  miles  per  hour. 


VrloriLf 
MFH. 


TduI  Traolivti    Ttmu  ttpMst-  ,  Gtmir-  Rraiat- 
l-'ar«rj  Lbs.  ttiic«,  Lba.  Ruer,  l.lia. 

per  Ton.  ptT  Tod,  ^r  Ton, 


N*t  TrsollYo 

I'nroe,  Lb*. 

prt  Ton, 


DialaiK*  • 
Kwt. 


-19.8  178.0 

-lfl.4  174  5 

-18.7  173  0 

-17.0  173.0 

-17.0  174.0 


Total  distance  in  rhnnge  from  25  to  21     M.P.H S72.5 


For  approximate  calculations,  the  tonnage  that  can  be  pulled 
up  any  grade,  G  per  cent,  with  a  change  of  speed  from  Vi  to  Ks  is 
obviously. 
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and  the  lenfj^th  of  Rradc  id  which  the  speed  will  be  reduced  from 
Vi  to  V2  is,  by  transposition, 


™^     in     IL-Kin^ 


I 


I 


I 
I 


t  = 


_.7Uy^-vf) 


/2+20G-^' 


in  which  L  is  the  lenglli  of  the  grade  In  100-ft.  stations,  R,  the 
train  resistance  in  pounds  per  ton,  and  Pa,  the  average  tractive 
force  for  the  two  speeds. 

In  certain  grade  reduction  proUIems,  it  may  1)C  desirable  to 
calculate  the  length  of  grade  up  which  the  train  will  run  with  a 
given  reduction  in  h^xxkI  and  to  begin  at  that  point  to  reduce  the 
remainder  of  the  gradi^,  or  to  count  the,  remainder  as  rise  and  fall, 
for  it  is  well  established  by  experience  that  ruomcntum  cannot 
be  spread  out  imlcfiuitely  over  a  long  gi-adc. 

Some  engineers  liave  attempted  to  limit  the  use  of  momentum 
les  by  ascribing  a  limit  to  the  total  rise  of  the  grade,  such 
limit  usually  being  set  at  about  120  ft.  of  total  asiwnt.  The 
futility  of  attempting  lo  wet  such  a  liniit  ia  apparent  when  it  is 
realized  that  length  of  grade  is  a  factor  as  well  as  the  total  rise. 
It  is  iinpoeaible,  also,  to  state  a  de&iiite  limit  to  the  length  of 
grade  up  which  momentum  might  I»e  considered  as  being  effective. 
The  safe  velocity  at  the  bottom  dc|K'nds  u|)on  the  character  and 
condition  of  the  track,  but  iu  general  it  is  about  30  M.P.H.  for 
freight  trains,  corresponding  to  a  velocity  head  of  31.6  ft.  Since 
the  velocity  should  not  be  reduced  below  about  10  M.P.H. 
(velocity  head  of  3.5  ft.),  theoretically,  some  28  ft.  might  be 
utilized  in  overcoming  gradient.  The  amount  of  vehwity  head 
that  can  actually  be  rcali/x^d  is  doubtless  somewhat  letts  than  this 
amount  owing  to  the  los.«ies  inherent  in  such  operation,  viz., 
incn:ased  train  resielancc  and  impact  of  buffers.  Test*  made 
by  the  University  of  Illinois  indicate  that  the  train  resistance 
averages  about  20  per  cent  higher  at  30  M.P.U  than  at  12  M.P.H. 
AaHumitig  train  n-sistancc  2  lbs.  jter  ton  higher  at  30  than  at 
12  M.P.H.,  for  cars  of  35  tons  gross  weight,  the  energy  loet  would 
be  25  to  30  per  cent  per  mile  passed  over  at  the  higher  speeds. 
Owing  lo  the  slackening  of  the  train  from  the  front  causing  the 
biiffers  of  the  cars  to  strike  each  other,  more  or  less  energy  la 
diaeipatcd,  amounting  imder  average  conditions  lo  perhaps  1 
to  5  per  oent  per  mile  passed  over.     From  these  considerations, 


H  10  d  per 
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it  would  seem  that  the  velocity  head  that  can  actually  be  realized 
ou  ft  momentum  pnttic  would  Imi  almiit  30  in  35  per  cent  less 

7  than  the  theoretical  for  ev^ry  mile  of  length  of  grade. 
Velocity-Distance  Curves.  The  application  of  the  principle 
of  uiomenlum  gradients  tu  the  practical  tonnage  rating  of  loco 
motiveji  in  the  make  up  of  trains  was  first  expla'ned  by  Mr. 
A.  M.  Wellington,  but  for  a  number  of  years  after  the  appear- 
ance of  Ills  work  very  little  attention  was  paid  directly  to  the 
subject.  More  recently,  Mr.  A.  C.  Dennis  presented  an  illu- 
minating discussion  *  of  the  subject  from  which  the  following  ab- 
stract Ik  tjikeji. 

It  is  assumed  that  freight  train  resistance  is  constant  fop 
speeds  between  5  and  35  miles  per  hour^  as  tests  seem  to  indi- 
cate to  be  the  case,  amounting  to  9.0  lbs.  per  ton  for  empty 
cars  and  4.7  lbs.  for  loaded  cars  on  a  rigid  roadbed.  The  tare 
weight,  or  the  weight  uf  ejirs,  is  reduced  tu  terms  of  the  *'  rating- 
ton,"  which  represents  a  ton  of  freight  in  a  box  car.  Further, 
assuming  that  for  crertuin  conditions  of  operation  the  tare  weight 
is  one-third  of  the  gniss,  the  tractive  resistance  per  rating-ton 
is  found  to  be  2.6  lbs.  per  ton.  The  reduction  factor  for  con- 
verting tare-tons  to  rating-tuns  depends  upon  the  rate  of  ruling 
gradient  for  which  the  locomotive  is  loaded.  For  example, 
to  reduce  tare  to  rating-tons  for  a  0.4  per  cent  gradient, 

A  tare-ton  has  9  lbs.  rolling  and  8  lbs.  grade  resistance         =  17.0 
A  ratJng'ton  has  2.6  lbs.  rolling  and  8  lbs.  grade  resistance  =  10.6 

Hence  the  total  resistance  of  the  tare-ton  is  17.0-t- 10.6  =  1.60 
times  the  resistance  of  a  rating-ton.  Therefore,  to  reduce  tju^ 
to  rating-tons  for  a  O.i  per  cent  grade,  multiply  the  tare-tons 
by  1.60,  and  a  similar  factor  can  be  determined  for  any  othra' 
rate  of  grade. 

Fig.  34  shows  the  drawbar  pull  of  a  certain  consolidation 
locomotive.  At  7  miles  per  hour,  on  a  0.4  per  cent  grade,  the 
rating  of  this  locomotive  is  equal  to  the  tractive  power  at  this 
speed  taken  from  the  curve  dividinl  by  the  resistance  i>er  ton 
on  this  grade,  or  28,200 -J- 10.6  =  2060  gross  rating-tons  for  the 
train.  Tlie  gross  Ions  less  the  e<iuivaleut  rating-tons  of  the 
locomotive  and  tender  (actual  weight  130  tons)  equals  the  net 

•  Tnm.  Am.  Soo.  C.  E.,  Vol.  L.,  p.  I. 
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tons  for  the  train  behind  the  tender,  or  2660- 130  >^= 2452              1 
rating-tons  behind  the  tender.    To  convert  this  to  actual  tons 
since  one-third  of  the  total  weight  was  assumed  to  be  tare,  it 

IB  necessary   to   multiply  by  the   factor  — — — r,  which  would 

(2+1.6) 

^ve  2043  actual  tons  Ijehind  tho  tender. 

The  tractive  power  at  any  given  speed  divided  by  the  gross 

rating  tonnage  give-s  the  tractive  power  available  per  ton.    From 
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^          FM'  34. — Tractive  Effort  of  a  Locomotive  at  Various  Speeds. 

H       this,  subtract  the  train  and  gravity  resistance  and  the  remainder 

B        will  be  the  forw  available  for  accelerating  the  train,  which,  if 

1       positive,  will  indicate  positive  acceleration,  and  if  negative,  will 

1        indicate  retardation.     With  this  force  known,  by  a  well-known 

^^^principle  of  iiiechanicH  that  the  work  done  on  a  body  equals  the 

^^^Mncreinent  of  encrgj-,  the  distance  required  to  effect  any  change 

B       in  speed  may  Ik-  calculated.    Thus,  if  /*  is  this  residual  force            ' 

B       and  s  the  distamx^  lequiretl  to  effect  the  change  iii  velocity, 

^^k                 n      .  ^=2000,   J       „,                 2000,.       .  . 
^^p               Pa^l.Oh-^ivi^-vo*),    or    «=-p-(Ai-no), 

H      hi  and  Ail  being  the  velocity  heads. 
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For  example,  on  a  +0.2  per  cent   grade,  the   distance  re- 
quired to  attain  a  velocity  of  11  M.P  H.  from  10  M.P  H  may 
found  as  follows:  The  available  accelcratitig  force  is 

26,400-2660X2.6-2660X4  =  8840  lbs. 

«» — gj^Q — (4.2o-3.ol)=»48J  ft. 

Tables  were  prepared  from  which  the  curves  shown  in  Fig. 
were  plotted,  using  total  distances  passed  over  as  ordinaicis 
and  velocities  in  miles  per  hour  as  abscissa;.  This  diagram  is 
for  the  locomotive  rated  for  a  •-  il^  per  cent  grade  only,  although 
other  cun'es  were  given  in  the  original  article  and  the  scheme 
might  be  generally  appl){.'d.  A  method  of  tabulating  the  cal- 
culations is  shown  in  Table  XXXll. 


j(  Table  XXXII 

CO-ORDINATES  FOR  VELOCITY-DISTANCE  CURVES 


velocity, 
M.P.H 


Powrr, 


30,300 
30,000 
29,800 
29,400 
29,000 

28,700 
28,200 
27.000 
27,000 
26,400 

25,700 
24,900 
24,000 
23,100 
22,200 


Tr»«tiv«> 
J'owrr  I. rot 

n.sonih* 


12,7-40 
12,440 
12,240 
11,840 
11,440 

11,140 

:0.640 

10,040 

9,440 

8,840 

8,140 
7,340 
6,440 
6,540 
4,640 


Velocity 

Hr>d. 

Fi. 


0.3 
0.14 
0  32 

0  56 
0.88 

1.26 

1  72 
2.26 

2.84 
3.61 


DittFrvnon  InervmcnU 
in  Vrlncity  af  Dintatiec, 
Hc«Ib.  Ft,  I         Ft. 


0  03 

on 

0.18 
0  24 
0.32 

0.38 
0  46 
0  53 
0  59 
0.67 

0.74 
0.81 
0.87 
0.96 
1.03 


ToUl 

D'lauuipe, 
Ft. 


1419 
1823 

2306' 
28M 

3614 
4627 

6667 


The  quantities  in  the  last  column,  total  distances,  are  plotted 
as  ordinatoj4  with  thoso  of  the  firet,  velocities,  as  abscissiE,  f| 
the    acceleration    cur^'cs.    Similar   data   are    prepared    for   tl 
retardation  curves,  the  distance  being  that  passed  over  in  chaug- 
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ing  the  ap<*d  fnim  tiQ  M.P.H.  to  the  velocity  in  question.  On 
any  grade  (jreater  thau  level,  \hc  locomotive  cannot  maintjiiii 
a  spcc-d  of  30  M.F.II.,  hcuw.  on  any  positive  grade  there  will 
bo  a  retardation.  For  example,  in  changing  from  30  M.P.H. 
to  29  M.P.H.  on  a  +0.4  per  cent  grade, 

P=  10,400-2660X2.6-2(160X8= -17,800  lira,  per  ton; 
2660X2000, 


8  =  - 


-17,800 


(-2.07)  =619  ft. 


This  quantity  should  be  plotted  with  29  M.P.H.  to  give  one 
point  on  the  +0.4  per  cent  retardation  curve. 


tSOMr 
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I  ^a  >  1.4  Tuv  Tuna 


Tnt>]  7nia  -  NiD  lUUuc  Toh 


TnJu-MS:  IU(la«tc«* 


\t 


» 


»0M 


mow 


woe 


lUlMiMrllaur 
Flo.  36.-— Vdodty-Diitanoe  Curves. 


AiwiwtlM  Omw 


l.^ _.., 

H  Holidation  l()r<iniutive  willi  full  loading  for  a  +0.4  per  cent 
H  grade  makes  a  start  with  5000  ft.  of  level  tangent  ahtad,  fol- 
H  lowwi  by  4000  ft.  of  +0.0  (xrr  cent  grade,  followed  by  3000  ft. 
H  of  —0.2  ixT  ami  grade;  rwiuired  t<t  find  the  8|)ced9  at  the  points 
H  of  change  of  giade.  On  the  diagram  it  is  found  from  the  accel- 
eration curve  for  u  level  grade  lh:il  .5000  ft.  gives  a  speed  of  20 
M.P.H.  From  the  +0.0  retardation  curve,  it  is  found  that  to 
acquire  ihia  apccd  from  30  M.P.H.  would  rmiuire  3600  ft.,  and 
wlien  followed  by  4000  ft.  more,  or  a  total  of  7600  ft.,  the  speed 
would  be  reduced  to  7J  M.P.H.  at  the  end  of  tliia  grade.  On 
the  -0.2  per  cent  grade,  7|  M.P.H.  is  attained  in  500  ft.,  and 
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at  the  the  end  of  a  total  of  3500  ft.  of  a  —0.2  per  cent  grade, 
the  speed  is  found  tfl  l>e  2U  M.P.H. 

While  certain  refinements  such  as  the  greater  train  rcsist- 
tancc  below  5  M.P.H  are  not  taken  into  consi<leratiou  in  this 
solution,  it  must  l>e  renieniliered  that  the  entire  problem  of 
rating  locomotives  is  not  one  of  extreme  refinement,  and  a 
solution  of  Ihifj  sort  will  tuiBwer  the  nce(l«  in  moi^t  in»tancf!fl. 

Speed-time  Ctirves.  In  a  manner  similar  to  that  described  in 
the  preceding  articles,  speed-time  curves  showing  the  operation 
of  trains  with  respect  to  velocities  may  be  oonalructed.  As 
previously  ataled, 


or, 


Fdt^Mdv, 


Integrating  between  Umitfi  of  uo  and  vu  which  represents  the 
increment  in  velocity  ia  an  interval  of  time,  I, 


fi=Af(y,-yo). 


That  is,  the  impulse  represented  by  the  product  of  the  force 
acting  on  a  body  and  the  time  through  which  it  acts  equals 
the  increment  of  momentum  of  the  Ixjdy.  The  angular  mo- 
mentum of  the  wheels  can  l>c  shown  to  be  equal  to  — ,  /  being 

moment  of  inertia  of  the  wheels  and  r  the  radius.  This  quantity 
is  found  to  he  approxiuiaUtly  5  per  cent  of  the  momentum  of 
trauslation  of  a  Iruin,  hence,  fur  one  ton, 

2000, 


Ft 


and 


32.2 


103. 


(wi-^iJXl.OS 


t  =  -=r{ V'l  —  Vo)  where  velocities  are  in  miles  per  hour. 


As  in  the  preceding  article,  speed-time  curves  can  be  plotted 
between  the  time,  t,  required  to  make  a  change  in  the  velocity 
represented  by  Vi~-  Vo,  and  the  spei;d  in  miles  per  hour. 

For  passenger  trains  and  electric  interurban  trains,  where 
the  hindrance  in  making  time  is  the  chief  objection  to  grades, 
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speed'time  curves  constructed  in  this  manner  offer  ft  ready 
means  of  studying  the  behavior  of  such  trains  over  any  given 
profile. 

Speed-time  aud  distanoe-time  cur\'eiii  can  be  plotted  con- 
veniently from  the  following  equations,  which  apply  to  any 
body  acted  upon  by  an  unbalanced  force  and  which  may  be 
found  in  tua«t  texts  on  mechanics: 

"^«  •  '       ^  ....     (1) 


F  =  , 


32.2A" 


""^^"^^    a=32.2F' 


v=iU,    whence    dt  =  -do,    and    1=  j-dv.     ,     (2) 
s^vt,    or    8=  j  vdt        (3) 


where  F  is  the  tractive  force  in  pounds; 

W,  the  weight  of  the  train  in  pounds; 
a,  the  acreleratioii  in  fet-t  per  second  per  second; 
9,  the  distance  passed  over ; 
0,  the  velocity  attained  in  this  distance; 
(,  the  interval  of  time, 

Aa  developed  by  C  0.  Mallloux  and  others,  the  procedure 
may  be  outlined  as  follows: 

1.  Curves  are  plotted  showing  trarlivc  effort  on  various 
grades,  and  also  total  resistance  fur\'eM  for  the  various  grades, 
the  difference  between  these  two  being  the  force  available  for 
aoocIcratiiiK  the  train. 

2.  Reciprocal   curves  arc  plotted  using  speeds  as  abscissa 


as  ordinates.     The  area  under    these    curves    for   any 


and  - 

a 

interval  of  speed  obviously  from  equation  (2)  gives  the  time  in 
seconds  for  attaining  that  change  in  speed. 

3.  Speed-time  rurvps  are  drawn  with  speeds  oe  ordinates 
and  time  of  atta.iniug  these  speeds  aa  abscissa).  The  area  under 
these  curves,  n^  shown  by  equation  (3),  ^ves  the  distance  passed 
over. 

4.  Distance-time  curves  arc  plotted  with  distances  passed 
over  as  abscissa  and  time  as  ordinates. 

5.  From  the  last  two  curves,  a  distance-speed  cur\'e  is  drawn 
with  speeds  as  ordinates  and  distance  as  abscissa.    For  grades 
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^^^B        on  which  there  is  an  unhalanced  tractive  force  these  will  be 

^^^P        acceleration  (-urves,  and  on  those  grades  where  the  total  r**8ist- 

^^H          ancc  is  gR-atcr  than  Ihc  tractive   force  tliey  will  be  retarda- 

^^^P         tion  curvea,  as  shown  in  the  pn^vious  article. 

^^^B              6.  These  curves  cafi  l>e  applied  to  any  given  profile  to  delcr- 

^^H         mine  the  speed  at  any  poiiit  and  the  iima  of  ruimiug  to  that 

^^H         poiut. 

^^H              This  process  will  l>e  made  clear  by  the  following  example. 

^^H        A  Pacific  type  of  locomotive,  weighing  with  ita  tender  200  tons, 
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^^^^^^H                                 Fia.  36. — Trarlion  and  Resistance. 

^^^V       draws  a  train  of  (en  60-ton  hI^^I  cars  over  the  profile  shown  in 
^^^H         Fig.   39.     Re/inirod    to    plot    8)KXHl-distance   and    time-distance 
^^H        charts  for  this  profile.     It  nssunied  that  the  profile  is  properly 
^^H        coni|K>n8af'eil  for  curvature,  bo  that  the  virtual  profile  is  aliown. 
^^^              The  net  tractive  effort  and  total  rejjistance  for  the  different 
^^^         grades  cncounteit'd  are  drawn  for  various  speeds  in  Fig.  36. 
^^^k        Reciprocal  cur\'e  grades  are  shown  in  Fig.  37.     By  finding  the 
^^^        area  with  the  aid  of  a  phinimeter  under  these  curves  at  inter- 
^^^        vals  of  lo  feet  pt^r  scirond,  the  speed-time  curves  of  Fig.  38  (o) 
^^^b       wwe  plotted.    By  obtaining  the  areas  under  these  speed-timo 
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curves  at  one-minute  intervals,  the  distance-time  curves  were 
drawn  aa  shown  in  (b).  By  combining  the  co-«r<linatea  of  tliese 
two  seta  of  curves,  (iislfiiice--'!p€fti  cur\'e3  were  plotted  as  in  (c). 

To  obtain  thu  fuml  distance-time  cur\T  for  the  case  at  hand, 
Fig.  39,  the  profile  ib  plotted  on  tracing  cloth  and  super itniwraed 
on  the  distance-time  curves  descriljetl  above  so  that  the  zero 
station  of  tlie  profile  falls  on  the  0.0  point  of  the  cur\'es,  and 
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the  distance-time  cun*e  twrresponding  to  the  first  grade  is  traced 
for  the  entire  length  of  that  grade.  Then  the  tracing  cloth  is 
shifted  horizontally  until  the  end  of  the  ciu^e  just  drawn  falls 
over  the  timcKiistance  cur\'e  of  the  next  succeeding  grwlc,  and 
that  portion  of  thr  distance-time  curve  is  traced,  and  so  on. 

To  apply  the  profile  to  the  tU.-ilance-Hix'ed  curves,  Fig.  39,  the 
procedure  is  similar,  except  that  when  the  tracing  cloth  is  sliifted, 
it  is  moved  verlii-ally  histead  of  horizontally  until  the  untiniphed 
end  of  the  curve  drawn  falls  on  the  diatance-apecd  curve  oorre- 
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^m             spending  to  the  succeeding  grade.     Whenever  a  grade  is  reached 
H              at  a  speed  that  the  locomotive  cannot  maintain  on  that  grade,       { 
H               the  spew!  will  dccreitsc  to  that  which  can  he  maintained,  provided 
H              the  grade  is  long  enough  for  this  speed  to  be  attAined.    The 
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equation  (3)  on  p.  192, ' 
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is  change  in  speed  may  be 
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9ojm 

irves. 

obtAined 

in  which  F  may  be  taken  as  the  avnrage  retarding  force  per  ton 
for  these  two  speeds,  and  may  be  obtained  from  the  difference 
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in  the  ordinat€s  to  the  tractive  effort  and  total  resistance  curvea 
of  Fig.  36. 

The  resulting  chart  indicates  the  time  required  to  reach  any 
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point  on  the  profile  anil  the  apt-ed  olitaining  at  Uiat  point,  pro- 
vided, of  course,  that  the  locomotive  is  rated  at  its  pven  capacity. 
Adjustuieuts  for  applying  brakes  and  for  down  grades  can  be 
made  without  difficulty. 

A  lucid  exposition  of  the  use  of  these  cun'es  may  be  found  in 
**  Locomotive  Operation  and  Train  Control,"  by  Prof.  A.  J.  Wood, 
published  by  McGraw-Hill  Hook  Company. 

Practical  Use  of  Momentum  Grades.  While  the  indiserim- 
inat*;  us(?  of  momentum  grades  in  the  desiKU  of  new  location 
18  not  to  lie  commencleti,  as  staled  prcviouBly,  yet  in  the  recon- 
struction and  remodeling  of  existing  lines,  and  imder  certain  other 
condilioiis,  their  use  may  prove  advantageous.  Grades  not 
intended  as  strictly  momentum  grades  will  l>e  operated  as  such 
by  tiain  crews  in  many  instances.  The  running  time  of  freight 
trains,  a  usatler  of  gi-owing  importance  because  of  increju«d  wages 
and  demand  for  shorter  working  hours  on  the  part  of  train  crews, 
may  l»e  materially  afTcctetl  by  a  judicious  use  of  momentum  in 
making  tiuii;  on  ct^rtain  grades.  The  track  should  be  maintained 
in  such  condition  as  to  permit  the  speed  in  the  sags  required  by 
such  operation  and  some  changes  in  the  design  of  rolling  stock 
may  be  nccps.'uin,'.  At  any  rate,  probably  the  chief  l>enefit6 
to  be  derived  from  momentum  grades  will  result  from  the  ability 
to  make  better  time  over  (he  division  rather  than  from  any  in- 
crease in  train  loading  that  may  be  rendered  possible.  A  care- 
fiil  study  of  the  wtuol  profile,  therefore,  should  be  undertaken 
in  connection  with  the  forming  of  train  schedules  and  the  making 
up  of  the  time-table,  even  though  conser\'ative  location  design 
would  not  allow  the  use  of  momentum  in  the  adjustment  of 
grades  for  the  maximum  train  load.  It  should  be  stated,  however, 
that  in  all  schemes  for  the  use  of  momentum  gradeit,  the  cal- 
culations should  l>o  made  to  provide  for  stops  at  all  water  tanks, 
stations,  block  signals,  etc.,  in  order  to  ascertain  the  performance 
in  the  event  that  such  slops  are  required. 

The  construction  of  speed-time,  space-time  and  speed-distance 
curvefi  renders  the  calculations  concerning  momentum  operation 
fairly  definite,  and  I  rain  schiululcs  might  very  well  lie  formu- 
lated to  reaUze  the  advantages  of  the  speed  capacity  of  the  loco- 
motive as  well  as  the  load  capacity.  Many  railroads  have  con- 
structed  for  their  own  \im*  diagrams  showing  the  perf(»rmancc 
over  their  own  hne  by  theu-  rolling  stock.     Besides  the  paper  by 


RISE  AND  FALL 

Mr.  A.  C.  T>nni»  rofprrw!  to  above,  the  reader  will  find  illuminat- 
ing discuRsions  on  tonnage  rating  on  the  basis  of  momentum 
diagrams  Id  various  onginonring  publications,  among  which  may 
be  mentioned,  IxMKimotivt!  Tonnage  Hnting,  Southern  Pacific 
Lines,  Bulletin  No.  1,  Am.  Ry.  Eng.  Assn.;  Reduction  of  Grade 
on  Hailroads,  C.  D.  Purdon,  Journal,  Assoc.  Eng.  Soc.  Vol.  XXXI; 
Economics  of  RrjviRion  Work,  Union  Pacific  R.  R.,  by  J.  B. 
Berry,  Chief  Engineer,  Proc.  Am.  Ry.  Eng.  Assn.  Vol.  V;  Chicago 
Great  Western  Momentum  Grade  Diagiams,  Railroad  GoKUe^ 
June  5.  1903. 

^  Rise  and  Fall.  As  was  explained  in  the  preceding  chapter, 
thoHe  grades  that  have  a  limiting  effect  cm  the  weight  of  train  that 
can  be  pulled  OA-er  a  division  cause  a  loss  in  addition  to  that 
involved  in  lifting  the  train  through  the  ascent,  owing  to  the  fttct 

^  that  they  comiiel  the  engine  tu  jjuU  less  than  ita  proper  load 

■  over  those  portions  of  the  Une  where  the  grade  is  less  than  the 
ruling  gradient.  The  second  class  of  grades  arc  those  which  do 
not  in  any  way  limit  the  weight  of  train  hauled,  hut  which  do 
incur  a  certain  loss  because  of  increased  work  done  and  because 
of  theJr  effect  of  operating  expenses  generally.    This  class  of  grades 

^  is  designated  as  rinc  and  fall.  Rise  and  fall  may  be  defined  as 
V  the  rise  from  a  dntum  elevation  to  a  sununit  with  the  corre- 
sponding descent  to  the  same  datum  elevation.  The  main  effect 
of  riae  and  fall  is  in  connection  with  fuel  consumerl  and  time  lost, 
although  other  operating  expenses  arc  affected  to  some  extent. 
Riae  and  fall  is  commonly  classed  with  curvature  and  small  addi- 
tional distance  aa  "  Minor  Details  "  becaxise  of  the  fact  that 
they  are  not  controlling  factors  in  railway  location.  They  urc, 
nc%'ertheless,   very  import^int.    The  problem   of  the  effect  of 

Priae  and  fall  on  operating  conditions  a.H  well  as  that  of  other 
minor  details  ia  not  capable  of  exact  solution,  yet  some  solution 
must  be  arrived  at.  It  is  essential  that  a  method  Ix?  formidatcd 
of  determining  their  effect  that  will  Im*  fairly  reliable,  easily  applied 
^and  based  on  information  readily  obtainable. 

■  Classes  of  Rise  and  FaU.  Mr.  Wellington  grouped  rise  and 
fail  into  three  classes  as  follows: 

Class  A  includes  rise  and  fall  so  light  as  never  to  require 
the  application  of  brakes  nor  any  variation  in  the  throttle  of 
the  locomotive.  Tliis  class  is  the  least  objectionable  and  its 
chief  effect  ia  to  cause  a  UuctuatioD  iu  the  speed.    The  increased 
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Bpeed  due  to  down  grades  constitiitea  etored  enci^  which  can  be 
expended  in  running  on  the  level  or  up  the  next  grade.  The  majt- 
imum  speed  in  the  sag  should  not  exceed  the  maximuni  limic 

for  that  division  &ud 
the  minimum  at  the  top 
should  probably  not  be 
le«8  than  9  miles  per 
hour,  accortling  to  the 
recommendation  of  the 
L-ommiltee  of  the  Amer- 
ican Railway  Engineer- 
ing Association,  Natur- 
ally, all  grades  that  do 
not  exceed  the  angle 
or  grades  of  repose  of 
trains  at  any  given  sfx.'ed 
would  never  nece^tatc 
the  application  of 
brakes.  The  operation 
of  this  class  of  rise  and 
fall  IS  illustrated  in  Fig. 
40.  A  train  approaching 
the  profile  shown  at  & 
speed  of  25  miles  per 
hour  would  have  theo- 
retically the  velocities 
indiratefl  at  the  ilifTer- 
ent  points  if  the  engine 
exerted  only  enough 
drawbar  pull  to  over- 
come ordinary  train  re- 
sistance. As  pointed 
out  at  another  place, 
liowever,  this  theoretical 
relationsliip  is  modified 
by  the  speed  character- 
istics of  the  locomotive. 

Class  B  includes  rise 
and  fall  on  grades 
heavy    enough     to    re- 


ADVERSE  GRADES 

quire  the  shutting  off  of  the  steam  and  perhaps  at  times  the 

slight  use  of  brakes  in  descending,  Init  whioh  will  not  seriously 

!         tax  the  engine  in  aseeuding.     WUcncvcr  brakes  arc  applied,  enurKy- 

B    IB  converted  into  heat  and  lost  so  far  as  the  operation  of  that  train 

is  concerned.    This  class  of  rise  and  fall  is  objectionable  because 

I  of  the  liability  of  trains  to  break  in  two  at  the  bottom  of  a  descent 
when  the  engineman  applies  tiie  steam  again.  A  very  long 
Class  A  grade  will  come  under  Class  B. 
With  electric  traction,  using  direct-current  motors,  braking 
can  be  accompUshed  on  such  grades  by  generating  current  hack 
into  the  transmission  line  and  thus  store  a  considerable  portion 
of  the  energy  that  would  otherwise  Ix*  lost.  On  certain  electrified 
roads,  as  high  as  50  per  cent  of  the  brake  energy  is  thus  recovered. 
Under  such  conditions,  the  attendant  objections  to  this  class  of 

■  rise  and  fall  are  partly  removed. 
ClasB  C  comprises  the  rise  and  fall  that  occurs  as  heavy 
grades,  requiring  the  full  power  of  the  engine  on  ascending,  with 

•  a  frequent  use  of  sand  and  the  likcUhood  of  slipping  the  drivers, 
and  the  vigorous  use  of  brakes  in  descending.  The  loss  of  enei^ 
due  to  the  application  of  brakes  is  considerable,  the  wear  of 

P  brake  shoes  and  tires  is  serious,  and  the  increased  fuel  consump- 
tion constitutes  a  large  item.  Grades  that  would  be  Class  B 
for  most  freight  trains  usually  become  Class  A  for  passenger 
L  trains  and  those  that  would  be  Class  C  for  freight  become  Class 
B  B  for  passenger  service. 

■  Adverse  Grades.  An  adverse  grade  may  be  defined  as  a  grade 
™  pitching  in  the  opposite  direction  from  the  general  slope  of  the 
country.  Such  a  grade  introduce?  so  much  rise  and  fall  without 
in  any  way  assisting  in  overcoming  the  general  elevation,  and 
should,  therefore,  be  avoided  whenever  practicable,  or  at  least, 
the  total  of  adverse  grades  should  be  made  a  minimum.  It  is 
rarely  possible  to  avoid  adverse  grades  pntirely,  but  making  the 
gradient  follow  the  general  slope  of  the  country'  will  be  a  good 
rule  to  follow  in  this  connection. 

P  Effect  of  Rise  and  Pall  on  Operating  Expenses.  As  pre- 
viously stated,  the  objection  to  rise  and  fall  hes  chiefly  in  its 
direct  effect  upon  operating  expenses  of  trains  actually  run, 
as  distinguished  fnmi  llie  effect  nf  ruling  grade  in  limiting  the 
weight  of  trains  and  hence  determining  the  number  of  trains 
required  to  carry  a  given  traffic  tonnage.     Rise  and  fall  does  not 
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affect  the  number  of  treuns  operated  but  docs  affect  the  eost  of 
running  over  tJic  lino  nuch  trains  as  are  needed.  So  long  as  a 
grade  does  not  limit,  llip  weight  of  train,  the  eoet  that  it  will  intro- 
duce into  operating  expenses  will  be  about  in  proportion  to  the 
totid  rise,  or  in  other  words,  the  cost  may  \k  cstiiualed  in  lemis 
of  one  foot  rise  a*i  a  unit.  Tliis  statement  would  Ik;  particularly 
true  for  any  one  of  the  foregoing  classes  if  it  were  treated  by 
itself,  riaivs  A,  aa  has  been  staled,  may  be  practically  dropped 
from  further  conRideration  brcaueo  of  the  fact  that  trains  are 
operated  over  such  grades  essentially  aa  on  the  level,  and  Classes 
B  and  C  really  constitute  the  rise  and  fall  under  eonsidcration. 
On  this  basis,  an  analysis  of  operating  expenses  will  be  attempted 
with  a  view  of  determining  the  effect  of  minor  grades  on  the 
same. 

Afaintenance  of  Way  and  Structures.  The  damage  done  to 
the  roadbed  by  the  increased  pull  of  the  locomotive  and  the 
application  of  l)rakpH  is  ofTset  to  an  extent  by  improved  drainage. 
However,  the  greater  shock  of  wear  and  tear  to  increased  speeds 
in  sags  and  the  greater  tractive  cfToi-t  on  up-hill  grades  cause  some 
increai?e  in  maintaining  roadlwd  and  track.  Only  tlioee  items 
considered  as  being  affected  will  be  mentioned  IjcIow. 

Ballast  is  very  slightly  affected  by  grades  leas  than  the  niling 
gradient  owing  to  the  fact  that  improved  drainage  balances 
the  ajditional  wear  due  to  impact  and  extra  Imction.  The 
increaw!  might  be  2  per  cent  for  Class  C. 

Tie  expense  would  be  increased  somewhat  due  to  the  higher 
speeds  on  down  grades  and  greater  traction  on  up  gradual.  Prol>- 
ttbly  o  per  cent  for  Class  C,  2  per  cent  for  Class  B  and  none  for 
<Ma«»  A  would  1hi  about  the  proiH*r  allowance. 

llail  wear  is  increjwed  also  somewhat,  especially  on  Class  C 
grades.  Observations  indicate  that  rails  wear  more  on  heavy 
gra<lei(  than  on  level  tangents.  Wellington  estinuit^^d  the  wear 
on  rails  as  increased  10  per  cent  for  Class  C  for  doubUng  the 
tractive  effort,  whiith  would  appear  to  be  a  reasonable  estimate. 
With  traction  exerting  a  shear  force  equal  to  one-fourth  of  the 
direct  pressure  of  the  drivers  on  the  rail,  the  maximum  stress 
is  increased  about  5  per  cent,  by  the  principle  of  combined 
stresses.  Under  ordinary  pulls  the  shear  does  not  appreciably 
affect  the  maximum  compressive  stn'^s  in  the  nuls. 

Other  track  material  as  well  as  roadway  and  track  woidd  not 
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be  greatly  afTn-tc-d,  allhougli  the  lalmr  iiivDlviH)  in  applying  the 
additional  rails,  Imllast  and  tics  would  bo  soinotliing.  Perhaps 
2  per  cent  increase  would  amply  cover  this  item. 

Mainienojtce  of  Equtptticnl.  The  increased  wear  on  loco- 
motives because  of  the  heavier  pulling  and  the  setting  of  brakes, 
as  well  as  on  the  brake  shoes  of  the  locomotive  and  of  the  ears, 
added  pull  on  draft  gear,  etc.,  would  add  somewhat  to  the  maln- 
tcnanee  of  equipment.  Drawlieads  may  be  pulled  out  more  fre- 
quently, but  if  vertical  cur\'cs  arc  properly  adjusted  to  brPAks  in 
grade  (See  Chapter  XXIV'^,  very  little  trouble  will  arise  from 
this  source.  Repairs  to  locomotives  and  other  rolling  stock  may 
amount  to  1  per  cent  for  Class  B  gradea  aud  2  per  cent  for 
Chuss  C  grades. 

Trafic  Expenses  might  be  affected  sliglitly  by  \\w  fart  tliat 
a  uniform  grade  line  is  a  good  advcrtirtiiig  feature  and  the  frequent 
application  and  release  of  brakes  is  hard  on  live  stock  and  is 
annoyifig  to  [Muwen^crs.  However,  if  this  \{vm  is  affertrd  at 
oil,  the  iuflueDce  is  slight  and  it  may  be  neglected,  siiicc  the  total 
item  is  not  large. 

Conducting  Transportation.  Tlie  most  serious  effect  of  minor 
grades  arises  from  the  increased  cost  of  transportation.  The 
chief  item  of  increased  ex|K'nse  consists  of  the  added  fuel  required 
for  the  locomotive,  perhaps  95  per  cent  of  the  total  eflfect  of  rise 
and  fall  bi'ijig  attributable  to  this  item  alone.  The  work  done 
in  overcoming  a  given  gnide  represents  a  certain  amount  of  cncrgj- 
consumed,  which  must  be  obtained  from  the  fuel  burned.  If  the 
thermal  and  meehanieal  efficiency  of  a  locomotive  were  100 
per  cent,  the  supplj-ing  of  this  additional  energy  would  not  be 
so  serious,  but  since  the  general  efficiency  is  usually  only  3  or  4 
per  ccjit,  the  added  energy  required  is  a  matter  of  importance. 
One  pound  of  coal  having  11.000  B.t.u.  should  do  11,000x778- 
8,358,000  ft. -lbs.  of  work,  but  as  a  matter  of  fact,  it  is  fotmd  to 
do  only  300,000  to  500,000  ft.-Ibs.,  or  roughly  5  llw.  of  coal  will 
do  1000  ft.-tona  of  work,  or  one  horsepower  hour. 

Table  XXXll  I  by  Mr.  A.  K.  Shurtleff, •  shows  the  approximate 
quantity  of  coal  burBi^l  per  1000  sq.ft.  uf  graU;  are^  of  heating 
surface  when  the  locomotive  is  not  working.  Working  at  full 
capacity,  the  locomotive  is  assumed  to  burn  4000  lbs.  per  hour. 


•Pioc.  Am.  Ily.  I-Iug.  Aaro.,  Vol.  XIV,  Part  II,  p.  6. 
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Table  XXXIII 


APPROXIMATE   FOUXas   OF   COAL    UURNED   PER  1000  SQ.  FT. 
HEATLXG  SURFACE.    LOCOMOTIVE  NOT  WORKING 


Badiation,  Lbakaqk,  ktc  ,  ria  Uook. 

Firing  Up  p«  Trip, 

CokI. 

SlAndinB, 

Driftinc. 

10,000 

530 

146 

263 

11.000 

515 

132 

239 

12,000 

510 

121 

21ft 

13,000 

505 

111 

308 

14,000 

500 

103 

188 

15,000 

405 

B7 

175 

If  the  additiona.!  time  spent  in  wortdnK  at  full  and  part  steam, 
in  standing  and  in  drlftiug  dne  tu  rise  and  fall  ur  any  other  minor 


s 


J^ 


ufltt* 


10  U  10  S  90 

Speed  -  U.P.IL 


S 


to 


Fig.  41. — VariatiDa  in  Fuel  ConsuoipLioa  with  Per  Cent  o£  Cutf«ff. 

detail  can  be  estimated  by  the  construction  of  apeed-time  diagrams 
or  l)y  some  other  method,  the  approximate  effect  on  fuel  consump- 
tion can  be  estimated  with  reasonable  accuracy.  The  amount 
of  coal  per  foot-ton  of  work  done  is  found  to  be  at  times  as  high 
as  60  per  cent  greater  on  the  ruling  grade  than  on  minor  grades 
where  average  speed  can  be  maintained.     Fig.  41*  indicates  the 


*  Bull.  82.  Eng.  Exp.  Su.  University  of  lUicoui. 
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variation  in  fuel  consumption  with  the  per  cent  of  cut-off.  The 
following  excerpt  from  the  Report  of  the  Committee  on  Eco- 
nomics of  Railway  Location,  American  Railway  Engineering 
Association,  1915,  indicates  the  variation  in  fuel  consumption 
on  minor  grades: 

"  As  the  amount  of  fuel  per  foot  of  rise  is  greater,  and  the 
amount  saved  per  foot  of  fall  is  hss  on  ruling  than  on  minor 
gradients,  the  variation  in  fuel  consumption  for  one  foot  of  riae 
and  fall  taken  together  will  be  much  greater  than  for  either 
element  considered  separately,  and  in  the  case  of  very  light  minor 
gradients,  the  saving  on  tlie  one  may  practically  balance  the 
increase  on  the  other. 

"  The  following  figures  are  the  result  of  calculations  as  to  fuel 
increase  and  decrease  for  different  gradients,  momentum  not 
considered,  the  train  being  loaded  for  1  per  cent  ruling  grade 
at  a  maintiiined  «|we(l  of  5  miles  per  hour,  and  for  0.3  per  cent 
ruling  grade  at  maintained  speed  of  7^  miles  per  hour,  with 
average  loading  of  cam,  fuel  11,000  B.t.u.,  simple  engine,  and 
refer  to  tons  of  fuel  per  million  gross  train-tons  (including  engine- 
tons):" 


Table  XXXIV 
FUEL  CONSUMPTION  ON  RISE  AND  FALL 


ActiwI  Onwle. 

Tomb  or  Pvsl. 

Rulinc  Cndc. 

ffr  Oat. 

P*T  C«at. 

laerMM, 
1  Ft.  RiM. 

ipt.  r«it 

1  Ft.  aUe  Kad 

F.U. 

1.0 

1    0 

4.34 

0.72 

3.62 

1.0 

0  8 

3  62 

0  90 

2  72 

l.D 

0.6 

2.06 

1.20 

I  76 

1.0 

0  4 

2  40 

l.SO 

0  60 

1.0 

0  3 

2.24 

2  04 

0  20 

1.0 

0.2 

2.15 

2  04 

0  11 

1.0 

0,1 

2  Ifi 

2.04 

on 

0.3 

0  3 

4.01 

1.93 

2  OS 

0.3 

0  2 

3.33 

1  03 

1  40 

0  3 

0.1 

2  ao 

1.03 

0  76 

The  following  data  concerning  fuel  consumption  arc  given 
by  Mr.  A.  K.  Shiirtleff  for  certain  test  runs  over  a  division  con- 
sisting of  three  engine  districts,  for  one  week's  actual  operation: 
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Total  freight  locomotive  miles 27,575 

Total  freight  locomotive  tri[W ....  220 

Heating  surface  per  locomotive. . .  2,905 

Hours  delay  (standing) 856.4 

Hours  drifting 408.2 

Hoursworking 1312.6  ^^ 

Total  hours  ruQning  time 1J720.8 

Estimated  Fuel  Usfid  (11,000  B,Mf.) 

jy"^  Lbs.     J 

Firing  up:  220  trips  at  149f>J[b8.^-rrr 329,120 

Standing:  855.4  hrs.  at(2a2._4e>1l)s 328,012  \ 

Drifting:  408.2  hrs.  at  69-1.3  lbs 283,413-'  ' 

Working:  1312.6  hrs.  at  4000  lbs 5,250,400  ' 

Total  estimate 6,190,945 


If  6  lbs.  per  ton  may  Iw  takf>n  m  an  average  figure  for  train 
resistance,  each  0.3  per  cent  grade  of  rise  will  add  100  per  cent 
to  the  resistance  for  level  track.  From  the  above  data,  it 
appears  that  probably  about  80  per  cent  of  the  total  fuel  con- 
sumed is  ulilizetl  in  hauling  the  train,  hence,  the  fuel  used  per 
train-mile  over  0.3  per  cent  grades  will  b«  increased  as  follows 
for  15.84  ft.  of  rise  and  fall  per  mile,  allowing  an  additional 
6  per  cent  on  Class  C  for  loss  of  efficiency  due  to  crowding  of 
fires: 

Class  B,  due  to  added  resistance,  SO  per  cent. 

Class  C,  due  to  added  resistance,  80  per  cent;  applying 
brakes,  2  per  cent;  loss  of  efficiency,  5  per  cent;  total,  87  per 
cent. 

In  other  words,  for  any  stretch  of  Class  B  grades  the  fuel 
conaumption  will  l>e  increased  80  per  cent  and  for  Class  C, 
87  per  cent  for  each  15.84  ft.  rise  and  fall. 

These  items  of  operating  expt-nst:  are  collected  in  Table 
XXXV.  The  results  intlicate  that  the  operating  expense  per 
train-mile  would  be  increased  7.74  per  cent  for  Class  B  and 
8.92  per  wmt  for  Class  C  gradtw  for  each  15.84  ft.  rise  and  fall, 
or  for  1  ft.  rise  and  fall,  0.48  and  0,56  per  cent  respectively 
for  aass  B  and  C. 
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Table  JXXXV 

EFFECT  OF  RISE  AND  FALL  ON  OPERATING  EXPENSES 
0.3  Per  Cent  Riae,  or  15.84  Ft.  Rise  per  MUe 


Item. 


BallAst 

TSeB 

Raib 

Other  trark  material.  - 
Hooilway  mti]  track. 

IxKoniutivcs 

Other  rtjUiDg  stock. . . . 
Fuel,  rood  LocoDtotive. 


ToIbI 


Av*raite 

P*r  Cent. 

ItfN. 


0.33 
3.10 
0.88 
0.99 
6  85 
0  34 
12.98 
9.42 


P«pori,i<>nAB«t«.<l.    T»ut  C«rt.  P«  C«Ot 


P*r  Cent 


CUmB. 


a»mC. 


Clam  B. 


7.74 


ClnaC. 


.01 
0  16 
0.09 
0.02 
0.13 
0.19 
0.13 
8.20 


8.92 


I 


For  one  train  each  way  per  day,  with  operating  expenses 
at  91.76  per  train-mile,  the  elimination  of  I  ft.  of  rise  and  fall 
of  Class  (.'  grades  would  mean  a  saving  annually  of  $1.76X 
.0056X305X2  =  57.20.  This,  capitfllized  at  5  per  cent,  would 
amount  to  $144,. or  the  simi  that  uiight  justifiably  be  spent  to 
remove  1  ft.  of  rise  and  fall  for  each  average  train  operated 
OAch  way  per  day. 

Approximate  Solution.  It  will  be  observed  from  the  above 
analysis  of  operating  expensnfi  that  the  chief  effect  of  rise  and 
fall  ia  the  inLTca:ied  fuel  c()U:3iuuption.  Taking  fuel  aa  the  only 
item  affected,  the  Coimuittee  on  Ecouomica  of  Railway  Loca- 
tion of  the  American  Railway  Engineering  Aasociatiou  in  1915 
calculated  the  cot^t  of  the  rise  and  fall  on  approximately  the 
basis  above  outlined  for  various  prices  of  coal.  Tabic  XXXVI 
taken  from  thin  report  shows  the  capitalized  values  of  fuel  con- 
sumed in  overcoming  0.1  ft.  of  rise  and  fall  per  daily  train  one 
way  per  amium.  This  table  is  computed  on  the  assumption 
that  5  lbs.  of  coal  are  consumed  in  producing  1000  foot-tons 
of  work,  and  for  any  other  assumption  the  results  given  in 
the  table  should  Ije  divided  by  the  ratio  Ix^twecn  n  and  the  figure 
uasumed.  A1s<j  for  any  other  per  cent  cupitalization,  the  results 
shown  should  be  multiplied  by  the  ratio  between  5,  the  rate 
for  this  table,  and  the  rate  assumed. 


MOMENTUM  AND  MINOR  GRADES 

Table  XXXVI 

CAPITALIZED  VALUES  OF  0.1  FT.  RISE  AND  FALL 
S  Lbs.  Coal  =  I  OCX)  Ft.-tons.     Iiit«rest  5  Per  Cent 


Price  p*r  Ton 
(20OU>. 


Wbiokt  op  TmAiM  tx  Toiw. 


500 


1000    1500   2000.2500   3O0O 


3500   4000 


4500  5000 


1.82  3 
2.73  6 
3.65  7 
4.53  9 
5  4710 
6.3812 
7.3014 
8.211fl 
9.12118 


05i  5 
47  8 
3010 
12  13 
9516 
77  10 
8021 
42  24 
25,27 


47  7 
21  to 
S514 
f>8  18 
42  21 
16J25 

63  32 
37.36 


30<  9 
0513 
(K)18 
25  22 
90,27 
6631 
20  36 
85  41 
50145 


0338 
50  43 


9512 
42' 19 
90  25 
37  31 
85138 
.32,44. 
80:51 
27  57 
76i63 


77  14 
1621 
55  29 
93  30 
32,43 
7151 
1058 
4865 
87173 


10157 
40|65 
7073 
0082 


42'18.25 
63  27.37 
85  36  50 
06  45  62 
27  5-1  75 
48  63  87 
70  73  00 
91 182  13 
12.91.26 


Aa  an  example  of  the  use  of  thia  table,  suppose  that  a  locating 
engineer  finds  that  the  probable  traffic  will  consist  of  two  daily 
trains  (one  each  way)  of  500  tons,  two  of  1000  tons,  and  six 
of  3500  tone;  that  coal  cost  $4.50  per  ton;  interest  at  5  per  cent. 

Capitalised  Cost. 

Two  500-ton  trains  at  $4.09 $    8 .  18 

Two  1000-ton  trains  at  $S.18 16.36 

Six  3500-ton  trains  at  S28.79 172 .  74 


Total  for  0.1  ft.  rise $197.28 

In  the  case  of  coal  or  ore  roads  where  practically  all  the 
loaded  trains  are  in  one  direction  and  those  in  the  other  arc 
empty,  the  coal  consumed  would  1k>  taken  as  4  lbs.  and  8  ll>s. 
per  lUOO  ft.-tons  for  the  loaded  and  empty  trains  respectively. 


CHAPTER  XV 

USE  OP  ASSISTANT  ENGINES  AND  ADJUSTMENT  OP  GRADES 
FOR  UNBALANCED  TRAFFIC 


Redndng  the  ECFecttud  Ruling  Gradient.  Th«  ruling  gradient 
may  not  be  the  maximum  gradient  in  every  case,  a3  has  been 
ahowu.  The  use  of  momentum  to  assist  in  ovcrcomiiig  short 
steep  grades  may  be  used  to  ad\'antage  in  rertain  cascs^  as  was 
seen.  Two  other  devices  may  be  used  under  certain  circum- 
stances to  accoinpliwh  the  same  result,  viz.;  (1)  utiUxing  helper 
engines  over  a  short  stretch  of  the  line,  where  it  is  impraetjeablc 
to  reduce  the  grades  to  the  ruling  gradient  obtaining  over  the 
remainder  of  the  diviHJon,  and  (2)  balancing  the  grades  for 
unequal  traffic  so  that  the  heavier  flow  of  traffic  will  be  opposed 
by  the  lighter  grades.  In  almost  every  instance  of  location, 
most  of  the  grades  are  much  1p«s  than  the  ruling  gradient,  the 
conditions  of  the  latter  applying  to  only  two  or  three  grades 
on  the  division.  It  is  manifestly  desirable  to  reduce  these  few 
heavy  grades  until  the  rate  of  ruling  gradient  occurs  so  frequently 
over  the  division  that  it  is  unecouomical  to  make  further  nxluo 
tion.  Sometimes  this  reduction  is  made  in  the  actual  gradient 
by  making  further  excavation,  and  sometimes  it  is  effectually 
made  by  one  of  the  two  devices  above  mentioned,  particularly 
the  first.  How  this  is  accomplished  will  l)o  briefly  outlined 
in  the  prejtent  cliapter. 

Conditions  Favoring  the  Use  of  Assistant  Engines.  That  a 
railroad  location  might  lie  dcsiKQefl  with  a  low  ruling  gradient 
over  most  of  the  line  with  sleep  gradients  bunched  over  a  com- 
paratively short  stretch  and  provision  made  for  operating  this 
sliort  stretch  by  means  of  assistant  engines  was  early  recognized. 
The  principIp-8  underlying  the  use  of  such  engines  was  fimt 
explained  by  Gen.  Hennan  Haupt  •  in  1873.  At  the  present 
lime,  the  practical  economy  secured  by  the  application  of  tliis 

"  BaUnad  Oatetu.  July  5,  1S73. 
MS 
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idea  is  well  understood  and  is  utilized  by  nearly  all  roads  which 
travcrw  mouiitaiuou«  regions.  A  location  which  ia  for  the  most 
part  situated  on  tlie  plains  or  prairies  and  can  follow  the  c-asy 
natural  slopes  of  the  valleys  and  the  ridges,  but  which  for  a  com- 
paratively short  ijurtion  of  its  length  must  pass  over  mountains 
or  steep  hills,  so  that  a  low  grade  cannot  be  obtained  through  such 
region  except  at  an  cnoimous  cost  and  involving  a  long  detour, 
Ls  beat  adapted  to  uUHzing  the  advantajtes  of  helper  grades. 
For  example,  the  A.,  T.  &  S.  F.  H.  K.  hus  a  ruling  gradient  of  uImhjI 
O.G  per  cent  from  Chicago  to  the  western  mountains,  whens  the 
ruling  gradient  is  increased  to  about  2.0  per  cent;  the  D.,  L.  & 
W.  11.  It.  hns  a  ruling  gradient  of  about  0.6  per  cent  except  where 
it  passes  over  the  Blue  Mountains,  at  which  point  it  is  about 
1.5  per  wnt;  The  C,  M.  &  St.  P.,  the  CJt.  Northern,  Union  Pacific 
and  the  Northern  Pacific  railroads  have  similar  conditions  with 
which  to  contend.  Wherever  a  comparatively  short  stretch  of 
rough  country  must  be  crossed,  the  possibility  of  using  assistant 
engines  should  l»e  eonsidered. 

Economy  of  Helper  Grades.  As  Wellington  so  aptly  stated, 
"  The  secret  of  the  vast  economies  which  may  often  be  realized 
by  the  skillful  use  of  assistant  engines  is  this — that  as  respects 
construction,  we  work  with  Nature  instead  of  against  her,  and 
as  respects  operation,  we  gain  a  like  advantage  by  keeping  every 
engine  while  miming  fully  at  work,  the  greater  portion  of  the 
hard  work  in  foot-pounds  being  done  on  a  small  portion  of  the 
division,  with  such  favorable  through  grades,  in  many  instances, 
tlmt  there  is  little  more  need  for  an  engine  on  the  remainder  of 
it  than  to  keep  the  longest  trains  moving  and  under  control." 
As  sliown  in  Chapter  XIII,  the  loss  due  to  a  high  ruling  gradient 
is  not  so  much  (he  eost  of  work  aetiially  done  by  flu;  loromolivcs. 
in  hauling  a  train  up  the  gradient  as  it  is  to  the  work  that  they 
do  7iol  do  while  pulling  their  trains  with  liltle  exertion  over 
the  stretches  of  easy  giades  between.  The  actual  cost  of  doing 
the  work  is  not  so  great  if  it  can  be  done  directly  without  any 
unnecessary  Iosh  or  application  of  power.  Ry  adopting  low  grades 
where  natural  .'<lopi's  favor  low  gmdes  and  using  steejwr  grades 
with  assistant  engine  service  over  the  summits,  not  only  the  cheap- 
est line  is  obtained,  but  the  lowest  effective  through  grade  IS 
(secured  at  the  same  time  with  its  resulting  reduction  in  cost  of 
operation. 


Morco'V'cr,  not  every  train  that  posses  over  a  division  can 
be  given  its  maximum  tonnage  rating,  ronsequcntly  pushers  are 
not  ni-cxicd  for  the  Ughter  trains,  and  the  only  loss  from  operating 
such  trains  is  that  which  results  from  the  ruling  grades  as  so 
much  rise  and  /all.  When;  traffic  ia  heavy,  several  pusliers  are 
stationed  at  the  helper  grades,  and  if  they  can  be  kept  bttsy  all 
the  time,  the  cost  of  pusher  service  is  reduced  to  a  nunimum, 
but  where  the  traffic  is  light  and  the  helper  engines  have  long 
WBita  between  runs,  the  service  is  costly.  Where  the  pusher 
grades  are  near  a  terminal,  the  yard  engine  may  be  able  to  render 
pusher  service  at  limes,  and,  on  the  other  hand,  pusher  engines 

■    may  he  given  yard  work  during  idle  time. 
Method  of  Operation.     For  freight  service,  the  assistant  engine 
is  always  a  pusher,  for  in  this  manner  of  operation  the  helper 

■  engine  ran  be  attached  and  uncoupled  without  stopping  the  trains. 
On    pajjsenger    trains,   however,   state   laws   in   some    instances 
forbid  the  use  of  "  pu-shers,"  conset|uenlly  the  assistant  engine 
is  attached  ahead  of  the  regular  rciad  engine  as  a  "  puller." 
I       This  arrangemtnit  necessitates  stopping  the  train  to  aJlow  the 
H  coupling  and  unrnupling  of  the  helper,  or  at  least,  the  stowing 
down  of  the  train  to  allow  time  for  the  helper  to  run  ahead  and 
take  a  siding.     This  proccdui'C  is   followed  especially  by  roadti 
croeeing  the  eastern  mountain.^,  while  the  roads  which  traverse 
the  Rocky  Mountains  generally  attach  the  assistant  engine  at  the 
I       rear  when  more  convenient.     However,  in  the  latter  case,  the 
H  two  engines  are  commonly  operat-ed  as  a  double  header  on  account 
of  the  length  of  the  grades,  occupying  as  they  do  practically  the 
entire  division. 
B        Balancing  of  Through  and  Pusher  Grades.    Obviously  the 
entire  net  tractive  effort  of  the  assistant  engine  is  utilized  in  over- 
coming the  resistance  due  to  grade,  inasmuch  as  adding  this 
locomotive  adds  nothing  to  the  train  resistance.    Pusher  grades 
should  be  so  adjusted  as  to  rat«  of  ascent  that  the  road  engine 
together  with  the  helper  engine  or  engine«  will  pull  the  maxi- 
mum train  up  the  pusher  grade  with  the  same  degree  of  facility 
as  the  lone  engine  on  the  through  ruling  gnulii^nt.     If  the  two 

k  engines  are  of  equal  power,  the  load  for  each  is  ont^hnlf  of  what 
it  would  be  for  one,  or  one-third  in  the  case  of  two  helpers.     If 
I       the  helper  can  exert  more  power  than  the  road  engine,  then  the 
load  is  unequally  divided.    Thus,  if  the  helper  can  exert  10 
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p(T  cent  more  power  than  the  road  engine,  whidi  is  pertisps  a 
rcflflonable  aasumpUon,  since  the  fonner  ia  not  subject  to  the  long- 

maintuned  effort  erf  the  latter,  the  power  ia  divicSed  TTTTTf^  ~  47.6 

per  cent  to  the  rood  engine,  leaWng  52.'l  per  cent  to  the  bt^per. 
The  grade  on  which  the  road  engiue  can  haul  its  portion  of  the 
load  will  be,  therefore,  the  proper  gradient  for  pusher  service. 

To  derive  a  general  formula  for  equating  through  and  pusher 
grades,  let 

P«drawbar  puU  of  the  road  locomotive  in  pounds; 
P'^  drawbar  pull  of  the  pusher  locomotive  in  pounds; 
W  =  weight  of  road  loc<»notive  in  tons; 
W  =  weight  of  pusher  locomotive  in  tons; 
C*thc  number  of  cars  in  the  train; 
(7«=thc  ruling  gradient  in  per  cent; 
G'=»the  corr<'Hp<"»ii<liiiK  pusher  grade  in  per  cent; 
7**>Uie  total  weight  of  train  in  tons. 

AMuming  the  total  train  resistance  is  given  by  the  formula 
/Z-2.27'+122C,  then  for  a  single  engine  on  a  G'  grade, 

/>-2(W'H'  =  (206"+2.2;7'-f  122C,  and  for  both  engines, 

P-206r"tt'-fr-2tX;'H"  =  (20G'+2.2)r+122C,  from  which, 


(r- 


0'^ 


P-ff^-2.2r-122C' 
MCr+TK-flT') 

rP-2.2r-I22C 


,  or  in  general, 


20(r+2H')     ' 

Asfluming  that  the  helper  can  do  10  per  cent  more  than  the 
rood  engine  because  of  the  short  duration  of  its  effort,  this  rela- 
tionship obtains: 

2. 1  (2(X?r +2.27'+ l22C+20(7ff')  =  20G'{W+ W) 

+2(K7T+2.2r+I22C 
and 

2A(T±W)fr  ,  O.Uir+6.7C 


G'' 


fF+H"+r  • 

For  ir-]F'«300  tons,  7=2000  tons,  C  =  50  cars,  (?=0.5 
per  cent, 

G--=''?!^^X0.5+=^+i^»1.20. 


240U 


2400 
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In  a  siinilar  manner,  l)Ut  assuming  the  tractive  effort  the  same 
for  the  two  engines,  Table  XXXVII  was  prepared  for  average 

Table  XXXVII 
BALANCED  GRADES  FOR  ASSIST.\NT  ENGINES 


RmH  Gndno 

Hku>bm  EKatNK  Ghadkh. 

GradM. 

1  Helper. 

2Helpci«. 

3  E«lp«n. 

Level 

0.204 

0.400 

0.687 

O.Ofi 

0  302 

0,536 

0.766 

0.10 

0  401 

0  673 

0  946 

0.16 

0  497 

0  813 

1   U4 

0.20 

0  6M 

0  9^ 

1,283 

0.25 

0  C88 

1.083 

1.441 

0.30 

0.7R2 

1  212 

1  599 

0  35 

0.874 

I  336 

1.749 

0.40 

0  966 

1.461 

1.899 

0.45 

1.055 

I  580 

2.039 

O.GO 

1   14.^ 

1.699 

2.179 

0.55 

1,233 

I  813 

2.311 

0.60 

1.321 

1.928 

2.444 

0.65 

1  407 

2.037 

2.569 

0.70 

1  494 

2.147 

2.695 

0.75 

1-678 

2.V-'>3 

2.814 

0-«0 

l.M'J 

2  359 

2  933 

0.85 

1  744 

2  460 

3  045 

0.90 

1  820 

2.561 

3.158 

0.05 

1.0U7 

2  659 

3.271 

1.00 

1.088 

2  757 

3.384 

conditions  by  Mr.  R  N.  Begicn,  Chief  Engineer,  Baltimore  and 
Ohio  R.  R  *  In  the  past,  niuny  calculations  using  a  high  train 
resistance  have  fixed  the  pusher  grades  at  higher  ratea  than 
the  abo\*e  equation  will  give  and  higher  than  thost*  in  the  table, 
and  as  a  result  the  pusher  grades  have  bectime  the  limiting  grades. 
H  Whelhcr  one  or  more  pusher  engines  will  be  used  will  deter* 

™    mine  the  choice  of  grades.     Where  the  through  ruling  gradient 
for  the  road  engine  is  0.5  per  cent,  any  grade  between  0.5  and 

PI. 145  per  cent  lihould  be  reduced  to  0.5,  or  else  it  n-ill  have  to  be 
operated  with  a  pusher,  and  grades  between  1.145  and  1.699  per 
J  cent  sliould  be  reduced  to  1.145,  or  it  will  have  to  be  operated  with 
H  two  helpers,  etc.  Obviously,  these  intermediate  grades  are  not 
H    economical,  for  either  they  do  not  pennit  the  maidmum  rating 

K  '  Proc.  Am.  Ry.  Eog.  Aian.,  Vol.  XIL 
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over  the  other  grades  vtith  one  engine  or  they  do  not  use  Uie  fuU 
power  of  the  he)|Kr.  Intermediate  gnule«  would,  therefore^ 
come  under  the  category  of  rise  and  fall  for  two  engines  and  of  a 
ruling  grade  for  one,  and  any  grade  reduction  should  be  made 
accordiuf^y. 

AMsistant  Engines  in  Passenger  Service.  Usually  paasenger 
trains  are  not  loaded  with  the  maximum  tonnage  that  tbey  can 
pull  over  the  division,  but  rather  with  a  tonnage  that  will  allow 
them  to  make  u  deuJred  speed  over  the  division.  By  reference 
to  P'ig.  n  it  is  obWous  that  a  locomotive  is  capable  of  pulling 
a  larger  load  at  low  speed  than  at  high,  hence  the  advisability 
of  using  assistant  cnj^nes  in  passenger  service  will  be  a  question 
of  tlic  value  of  speed  rather  llian  of  hauling  the  maximum  tonnage. 
Under  competitive  conditions,  speed  may  have  great  value  and 
may  detomiine  whether  the  road  will  receive  a  due  proportion 
of  the  passenger  business. 

Table  XXXVrrr,  taken  from  Wellington's  Economic  Theory 
of  Iluilway  Location,  itbowa  the  loss  of  time  per  mile  in  minutes 

Table  XXXVIII 

l/OeS  OF  TIME  IV  MINUTES  PER  MILE  DUE  TO  A  DECREASE 
OF  SPEED  OF  TR,\1NS 


SmxB 

HioKM  Srsxoa,  Mtuu  na 

Hon. 

MPH 

16 

SO 

26 

30 

35 

40 

45 

60 

66 

60 

10 

2.U 

3.0 

3.6 

4.0 

4.29 

4.6 

4.67 

4.B3 

4.91 

5  0 

16 

■  • .  > 

1.0 

1.6 

2.0 

2.29 

2.6 

2.67 

2  83 

2.91 

3.0 

20 

0.6 

1,0 

1.29 

1.6 

1.67 

1.K3 

1.91 

2.0 

2S 

0.4 

0  69 

0.9 

1.07 

1.23 

1.31 

1.4 

30 

0.29 

0.6 

0  67 

0.83 

0.91 

1.0 

30 

0.2 

0.38 

0.64 

0.02 

0,71 

40 

■  •  • 

0.17 

0.33 

0  41 

0,5 

46 

• .. 

.... 

.... 

• . . . 

0.16 

0.24 

0.33 

60 

. . . 

.... 

, . , 

0.08 

0  17 

66 

.... 

0.09 

by  a  decrease  in  sfxsid  from  the  given  higher  speed  to  Uie  given 
lower  speod  to  which  the  velocity  is  reduced.  Thus  if  the  speed 
were  reduced  from  50  to  W  M.P.H.,  one-third  of  a  minute  would 
be  lost  evctry  mile  tlmt  tin:  train  travels  al  the  reduced  speed. 
It  will  be  ob»er\-ed  from  this  table  that  a  decrease  in  speed  at  the 
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higher  velocitirs  causes  a  less  loss  of  time  than  the  same  decrease 
at  lower  velocities,  while  the  porcentape  of  pain  in  tractive  jiowor 
is  greater,  a  fact  that  should  be  taken  into  cnasidemlion  in  studies 
involving  passenger  sen'ir*.  For  this  reason,  only  hnuted  trains 
probably  will  find  it  economical  to  use  helper  engines.  Tlie 
economies  resulting  from  the  use  of  helper  engino  gnules  should 
be  calculated  separately  for  freight  and  passenger  service  owing 
to  the  difference  in  the  governing  conditions  as  outlined  al>ovc. 

Duty  of  Assistant  Engines.  The  mileagt;  that  assistant 
engines  may  accomplish  will  vary  with  the  amount  and  character 
of  the  traffic  and  with  its  distribution.  While  a  pusher  might 
be  counted  on  to  run  100  or  even  130  miles  ptir  day  under  most 
favorable  circumstances,  such  ideal  conditions  do  nut  usually 
exist.  A  pusher  must  be  ready  for  service  at  any  time,  and  it 
would  rarely  happen  thai  the  traffic  and  t  Itc  train  schedule  could 
be  80  adjusted  that  a  train  would  be  arriving  at  the  foot  of  the 
grade  at  the  exact  time  that  tlie  pu.sher  is  returning.  Con-scv 
quently,  idle  ptTimls  i-eauli.  Moreover,  if  the  demand  is  just 
a  little  more  than  can  be  taken  care  of  by  n  engines,  «-|-l  engines 
must  be  used  wifli  a  docreiiscd  chance  of  i>crforming  tin;  maxi- 
mum mileage.  As  stated  in  a  previous  pjvragraph,  if  the  Ixjttom 
of  the  pusher  gradt.'  is  near  a  terminal,  pusher  engines  may  be 
used  for  yartl  service  in  the  terminal  during  idle  itit^Tvals  and 
yard  engines  may  perform  pusher  «er\'ice  at  times  of  congeste^J 
traffic,  although  switch  engines  with  small  drivers  and  no  pony 
truck  are  not  well  adapt^nl  to  pu.sher  service. 

Where  two  pusher  grades  are  not  more  than  five  or  six  milc« 
apart,  ihey  can  usually  Ix;  operated  as  one  pusher  grade  more 
rconoQiically  than  as  two.  However,  this  will  depend  upon  the 
<lenaity  of  the  traffic,  ami  in  every  case  the  cost  of  running  this 
extra  mileage  should  l>e  balanced  against  the  cost  of  maintaining 
the  extra  engine  and  the  necessary'  switching  facilities  at  the  scc- 
id  grade.     If  several  engines  have  to  \>e  used  on  the  two  gradus 

take  care  of  the  traffic,  for  freight  service  at  any  rate,  it  will 
probably  be  economical  to  divide  them  between  the  two  grades. 
This  will  necessitate  installing  and  maintaining  an  extra  switch 
with  it«  accessories,  which  may  be  a  comparatively  largo  item, 
^ially  if  signabj  are  installed  at  tlu:  switchiw.  Motvovw, 
the  cost  of  stopping  the  train  for  coupling  and  tnicoupling  should 
be  taken  into  consideration.     Puabcro  operate  moet  effectively 


272     ASSISTANT  ENGINES  AND  ADJUSTMENT  OF  01 

on  double-track  roada  which  are  equipped  with  block  signals, 
for  under  these  conditions  the  assistant  engines  can  run  down  the 
gradci*  without  special  dispatching,  subject  only  to  the  observ- 
ance of  signals. 

Cost  of  Assistant  Engine  Service.  The  operation  of  assistant 
engines  is  so  diiTci'cnt  from  that  of  road  engines  that  to  assume 
the  cost  of  puaher  service  to  be  about  the  same  per  engine-mile 
as  for  road  engines  is  radically  incorrect.  The  proper  method 
of  procedure  is  to  consider  a  certain  nmnbor  of  engines  being 
assigned  to  this  work  on  which  the  fixed  charges  will  be  a  calcu- 
lable amount  and  then  to  add  the  appropriate  amount  for  the 
actual  mileage  run.     The  total  cost  may  be  analyzed  as  follows: 

1.  The  fixed  charges  will  include  interest  on  the  initial  invest- 
ment and  depreciation  on  the  locomotives  used,  also  interest 
and  depreciation  charges  oil  the  siilings,  signals  and  other  track 
structures  which  the  service  necessitates. 

2.  The  operating  costs  will  include: 

a.  Maintenance  of  way  and  structures,  such  as  signala, 
switches,  etc.,  that  are  charges  direcfly  to  this  service. 

b.  Repairs  to  locomotives  used. 

c.  Wages  of  onginemen. 

d.  Fuel  for  pusher  locomotives. 

The  fixed  charges  will  depend,  of  course,  on  the  character 
of  engines  used  for  pusher  sen'ice.  Inferior  equipment  is  very 
commonly  employed  as  pushers,  although  some  maxh  liave  built 
heavy  locomotives,  even  of  the  Mallet  type,  for  puaher  semce 
over  steep  grades. 

The  proportion  of  maintenance  of  way  and  structures  expense 
that  is  chargeable  to  pushers  is  very  difficult  to  determine.  In 
the  first  place,  very  Uttle  information  exists  concerning  the 
relative  deatructivencss  of  a  locomotive  and  its  train.  The 
expenditure  for  track  maintenance  due  to  the  pmher  ascending 
the  hill  would  doubtless  be  as  great  as  for  the  road  engine,  and 
perhaps  half  as  much  again  on  descending.  Working  out  the 
solution  on  the  basis  of  the  total  mileage  nill  probably  be  not 
far  wrong,  because  half  of  the  mileage  will  necessarily  be  under 
heavy  working  conditions  with  respect;  to  tractive  effort,  and  on 
the  whole  the  total  will  represent  nearly  average  engine  mileage. 


The  rcmaininK  items  of  operating  expense  will  be  about  the  same 
therefore  as  for  normal  engine  mileage.  Table  XXXIX  repre- 
aeuts  a  fair  estimate  of  the  cost  of  pusher  engine  mileage  in  terms 
of  the  cost  per  train-mile. 

Table  XXXIX 
COST  OF  PUSHER  SERVICE  PER  MILE 
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Thus,  if  the  cost  tif  operation  per  train-mile  is  f  1 .50,  the 
cos(  per  pusher  oup;ine-mile  will  be  S1,50X.35  =  $0.52. 

Adjustment  of  Grades  for  Unbalanced  Traffic.  From  the 
natim>  of  railroaci  o|>eration,  the  same  number  of  trains  will  be 
run  in  one  direction  in  a  given  period  of  time»  say  a  year,  m  in 
the  other.  Wliile  a  few  frciKht  cars  may  Iw  returned  by  other 
routcK,  eascntially  the  same  number  of  cars  will  go  in  both  direc- 
tions, and  obviously  the  same  numlicr  of  locomotives  will  have 
to  be  run.  If,  therefore,  the  movement  of  traffic  is  materially 
heavier  in  one  direction  tlian  in  tlie  other,  the  grades  opposed  to 
the  lighter  returning  traffic  may  l>e  made  heavier  than  those 
oppoeed  to  the  main  flow  of  traffic  by  an  amount  that  will  make 
the  total  resistance  over  the  nding  gradient  in  one  dirertinn 
ual  to  the  total  resistance  in  the  other.  No  advantage  is 
ured  by  re<lucing  the  return  grades  lower  than  this,  other  than 
that  which  might  arise  in  the  case  of  abnormal  flow  of  business 
in  the  other  direction  and  that  which  is  secured  from  the  elimina- 
tion of  rise  and  fall  generally.    On  most  of  the  locations  that  have 


J 
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t>een  maile  within  the  past  two  decades,  this  condition  of  unbal- 
anced traffic  has  l»een  given  eotisideration  and  appreciable  econ- 
omies have  been  effected  thereby. 

Conditions  that  Give  Rise  to  Unbalanced  Traffic.  Thn 
relative  loeation  of  natural  resources,  eitie,s,  rural  coinnmnities, 
iiiiliifiti-iei).  ete.,  ftive  rise  chieHy  to  the  conditions  of  unbalanced 
traffic.  Some  of  the  more  common  castas  which  cauuc  uneritiai 
traffic  may  he  mentioned. 

1.  Tile  natural  tendency  of  farm  products  to  go  to  the  large 
cities,  and  e8pe<^ially  to  the  export  eitiea. 

2.  Lumber  and  other  forest  products  naturally  go  from  forest 
areas  toward  the  centers  of  population. 

3.  Coal  roads  carrj'  coal  from  mines  t-o  cities  or  to  a  main 
lino  and  u.sually  there  is  no  conunejisuratc  return  traffic. 

4.  Rnad.s  thai  carry  iron  or  other  ore  from  nuncs  t-o  the  mills 
or  smelters  seldom  have  a  return  biisinc><s  that  will  equal  the 
traffic  tlerived  from  this  source. 

5.  Mine  spur  tracks  naturally  have  loads  in  one  direction 
only. 

6.  Industrial  spur  tracks  and  loftKing  railroads  likewise  are 
necessarily  designed  for  bu.sinpw  in  ona  <iirection  only. 

Traffic  Characteristics.  From  a  study  of  the  conditions 
attending  nnhalanced  traffic,  the  following  oliservations  seem  to 
be  warranted: 

1.  The  number  of  locomotives  will  necessarily  be  the  same 
in  both  din'flionH,  and  even  though  an  engine  hauls  a  full  load 
in  one  direcUon  and  a  light  one  in  the  other,  the  cost  of  operation 
of  the  loeoniolive  will  ho  essentially  the  tMune  in  both  directions. 

2.  The  numlwr  nf  freight  cars  will  be  practically  the  same  in 
(til  directions  ultiniutely,  even  though  they  arc  returned  Kirgely 

empties,  and  even  though  some  cars  are  returned  over  other 
routes.  If  a  smaller  number  travel  in  the  direction  of  the  light 
traffii*  owing  to  the  fact  that  some  i:ars  ?nay  l>e  scrapiwd  at  the 
terminus  toward  which  the  traffic  tends  and  others  may  be 
Icaseil  to  other  railnmds  at  the  same  point,  such  conditions  tend 
to  make  a  ^till  greater  disparity  in  the  flow  of  traffic. 

3.  The  number  of  passenger  ctkrs  and  trains  will  necessarily 
Ix"  the  same  in  both  direction.s  and  since  the  live  load,  or  revenue 
load,  is  small  in  coini>ari.ion  with  the  tare  load  of  the  weight  of 
Uie  cars,  it  will  make  small  difference  whether  the  passenger 
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travel  is  ba1ancc<l  or  not,  and  ih<^  passnnger  business  may  tie 
considered  as  balanced  in  the  two  directions.  As  a  matter  of 
fact,  since  almost  every  journey  involves  a  koIuk  and  a  return, 
passenger  traffic  will  uMirnuiely  bt;  alwut  equul  in  amount, 
although  it  may  be  periodic  in  its  movement.  This  state- 
ment does  not  apply  to  roads  carrying  large  numbers  of  im- 
migrants. 

4.  One  of  the  most  common  sources  of  unbalanced  traffic 
tft  the  fact  that  heavy  bulky  froixbt,  .such  as  graiii,  luinlwr,  coaJ, 
etc.,  is  Iwund  toward  the  cities,  while  light  manufactured  prod- 
ucts, such  as  machinery,  furniture,  etc.,  travel  in  the  opposite 
direction.  The  fact  that  the  latter  pays  a  higher  tariff  rate  com- 
pensates in  part  for  the  decreased  tonnage,  so  far  as  revenue 
is  concerned,  and  makes  the  saving  of  cheaper  construction 
resulting  from  higlier  graiie«  all  tlie  more  advantageous. 

5.  Too  much  weight  should  not  be  given  to  the  possibility 
of  unbalanced  traffic  in  the  design  of  a  new  location,  because 
a  shifting  of  industrial  ronditions,  such  a«  the  exhau.'ition  of  min- 
eral or  forest  resources,  or  the  new  development  of  others,  may 
alter  the  flow  of  trafCc  so  as  to  equaUze,  or  in  some  cases  even 
reverse  the  direction  of  heavy  tonnage. 

6.  The  engine  division  should  be  taken  as  the  unit  over  which 
the  flow  of  traffic  is  considered,  because  the  effecrt  of  local  con- 
ditions along  the  hne  may  be  such  as  to  alter  the  general  conditions 
exi!4ting  over  llie  entire  roa<l. 

7.  A  mixed  traffic  is  much  less  likely  to  be  extremely  unbal- 
anced than  is  trafhe  consisting  of  a  preponderating  single  com- 
mocUty,  such  im  coal,  ore,  grain,  lurnl.>cr,  live  stock,  etc. 

Detennination  of  the  Proper  Balance  of  Grades..  Where  the 
traffic  is  p<*nnancntly  heavier  in  one  direction  than  in  the  other 
on  existing  hncs,  when  contemplating  a  revision  of  the  location, 
or  where  an  unbalanced  traffic  may  certainly  be  predicted  in  a 
new  location,  the  grades  should  he  adjusted  to  the  traffic  in  either 
direction.  In  making  such  calculations  it  should  be  kept  in 
mind  that  the  train  resi.stance  per  ton  is  higher  for  empty  or 
lightly  loadeil  cars  than  for  fully  loaded  ones.  The  percent- 
age of  pay-load  of  the  total  load  in  tlic  direction  of  heavj'  traffic 
averages  about  00  per  cent  for  box  and  flat  cars  and  about  75 
per  cent  for  mineral  cars.  If  on  a  road  hauling  general  comrnodilies 
the  traffic  is  twice  as  heavy  in  one  dirccliuu  as  iu  the  other,  the 
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60 
average  car  would  be  .40+^  =  .70  as  heavy  in  the  direction  of 

light  traffic  as  In  the  other.  By  reference  to  Fig.  26,  it  is  obeerved 
that  the  rolling  resistance  is  about  35  per  cent  greater  for  this 
light4.>r  load,  or  the  total  roUing  resistance  is  decreascil  only 
about  5  or  6  per  cent. 

^  For  the  determination  of  the  proper  balance  of  grades,  tlie 
weight  and  chaniclcr  of  the  trafHc  in  both  directions  must  be 
known.  If  the  trains  are  assumed  to  return  containing  the 
same  number  of  cars  as  hauled  in  the  direction  of  hea^-y  traJfio, 
the  following  general  .solution  of  the  relation  l>etween  the  grades 
might  be  used  to  illustrate  the  nature  of  the  problem: 

Let  W  be  the  weight  of  a  locomotive  in  tons; 

T  the  total  tonnage  of  a  train  in  the  direction  of  heavy 

traffic ; 
G  the  per  cent  ruling  gradient  in  direction  of  heavy 

traffic; 
0'  the  jmr  cent  ruling  grailient  in  (>pp*).sJte  direction; 
n  the  ratio  of  tare  to  total  load  in  direction  of  light 

traffic ; 
m  the  ratio  of  light  tonnage  to  heavy  tonnage. 

20{W+nT+mil-n)T\G'-\-2.2nT-^2.2mil-n)T+l22C 

=20{W-^T)G-i-2.2T-\-l22C 


from  which 
0'= 


W-\-T 


O.nni-w-m+mn) 
W-\-nT-\-mT-mnT^  '    W-\-nT-\'mT~mnT' 


.<?+ 


When  m  =  l,  or  the  cars  return  fully  loaded^  G'  =  G,  as  it 
should.  Fig.  42  sliows  the  proper  balance  of  grades  for  average 
conditions. 

Effect  of  Character  of  Traffic.  On  many  railroads,  the 
direction  of  the  heavier  traffic  varies  with  the  season.  Coal 
is  fihippcd  to  the  large  cities  chiefly  in  the  late  summer;  fruit  is 
handled  naturally  in  its  season;  grain  is  loaded  for  the  most 
part  in  the  full  und  early  winter,  and  other  examples  will  rt^adily 
come  to  mind.  At  other  times  of  the  year  the  flow  of  traffic 
may  be  reversed,  but  such  seasonal  fluctuations  arif>ing  from 
the  character  of  thi^  traffic  handled  should  not  Imj  allowed  to 
infiucQcc  unduly  the  general  solution  of  (he  problem. 


It  may  happen  that  in  certain  instances,  the  character  of 
the  commodities  may  cause  speed  to  be  counted  in  the  direction 
of  light  traffic  as  an  inceutive  to  reduce  tlie  grade  to  the  same 
rate  as  the  heavy  tonnage  requires  in  the  other  direction.  Where 
dre!«ed  meat«,  live  stock,  fruit  aad  other  perishable  commoditiea 
constitute  the  retuni  business  in  the  light  direction,  it  may  be 
desirable  to  load  the  trains  so  that  they  can  make  faster  time, 
and  consequently  the  grade.i  will  need  to  l)e  reduced  for  the 
light  traffic.  For  a  practically  exclusive  mineral  or  coal  traffic, 
the  expediency  of  adjusting  the  grades  for  the  full  difference 
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Fio.  42. — Balance  of  Gr&dce  for  Unequal  Traffic. 


in  weight  of  traffic  will  hardly  be  questioned,  but  it  will  rarely 
happen  that  conditions  will  justify  a  marked  difference  in  the 
gradients  in  the  two  directions. 

Light  traffic  railways  are  particularly  subject  to  the  con- 
ditions of  unbalanced  traffic,  and  economies  may  frequently 
l»e  effected  in  tlie  location  of  such  roads  by  the  application  of 
the  principles  above  outlined. 

The  exercirtn  of  some  ingenuity  on  the  part  of  operating 
and  traffic  officers  may  ovei*comc  the  conditions  of  a  naturally 
uni-dircctional  traffic  The  gentTal  movement  of  commodities 
and  the  needs  of  different  communities  should  t»e  carefully 
studied  with  this  object  in  mind.  The  caw  of  the  Great  Northern 
R&ilroad  developing  a  trade  in  Japan  and  China  in  order  to  give 
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a  westward  traffic  is  an  illustration  of  this  point.  When  this 
road  wafl  first  ronatnict^'d,  shipping  lumber  to  Chicago  and 
other  lake  ports  constituted  the  bulk  of  its  business,  and  the 
trnffio  officers  were  eager  to  secure  westbound  traffic  to  take 
back  instead  of  the  empty  care.  It  was  at  a  time  when  Japan 
was  building  railroads  to  a  great  extent.  The  companies  over 
there  were  paying  $29.00  a  ton  in  Antwerp  and  Brussels  for 
rails  delivered  in  Japan.  The  Northern  Pacific  traffic  man-* 
agcrs  secured  a  price  at  Chicago  of  $19.50  psr  ton,  charged 
$8.00  per  ton  for  freight  to  Japan,  and  were  able  to  lay  the  rail? 
down  in  that  country  about  $1.50  cheaper  than  the  Euiopeiui 
price.  Needless  to  state  that  the  westbound  cars  were  occu- 
pied thereafter  in  hauling  rails  to  the  west  coast.  In  a  similar 
manner  this  road  and  the  Northern  Pacific  created  a  market 
in  Japan  and  China  for  American  cotton,  and  bringing  it  north 
to  Chicago  and  Mmneapoli«f  the^e  roads  carried  it  to  the  west 
coast  for  ocean  shipment.  These  roads  were  also  responsible 
very  largely  for  the  creation  and  stimulation  of  the  oriental 
market  for  American  flour  and  many  other  products  as  a  result 
of  their  strenuous  efforts  to  secure  a  westbound  traffic. 
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Eelfttive  Importance  of  Minor  Details.  Distance  is  commonly 
classed  with  rise  and  fall  and  curvature  as  a  minor  detail  in 
railway  location,  and  in  a  very  real  sense  these  matters  ore 
of  secondary  importance.  The  two  objectives  to  be  kept  in 
mind  in  a  railway  location  arc: 

1.  To  secure  the  greatest  amount  of  business  possible,  and 

2.  To  conduct  this  business  at  the  lowest  possible  unit  cost. 
Anything  that  docs  not  affect  cither  of  these  two  primary 

objectives  in  a  controlling  manner  may  be  considered  as  of 
minor  connequence.  A  railroad  is  in  reality  an  industrial  man- 
ufacturiu)!;  plant,  the  commodity  which  it  manufacture's  being 
transportation,  and  like  all  manufacturing  concerns,  its  primar>' 
objiTt  is  to  dispose  of  as  mu<h  of  its  product  as  possible  in  order 
to  operate  the  plant  at  it.s  full  capacity,  and  hence,  at  iU  max- 
inimn  efficiency  and  economy.  Just  what  is  the  limiting  capacity 
of  a  aingle-track  or  of  a  double-track  railroad  will  be  discussed 
in  a  subsequent  chapter,  but  it  may  be  stated  here  that  a  rail- 
way with  a  given  equipment  ri'presents  a  certain  trapacity  for 
conducting  tratmpDrtatitm,  iind  the  more  ne^irly  that  (aimcity 
is  utilized,  the  greater  will  bo  the  net  revenues.  A  train  at  a 
station  is  a  standing  offer  to  sell  transportation  at  the  stip- 
ulated price,  the  amount  for  sale  being  the  capacity  of  the 
train.  The  co»t  of  rumiing  the  train  is  largely  inde|iendcnt 
of  the  load  carried,  consequently  the  more  nearly  tlw  entire 
stock  of  transportation  can  be  closed  out,  the  greater  will  be 
the  profits.  This  is  especially  true  with  a  pas8enger  train,  for 
all  that  remains  unsold  is  lost.  If  rise  and  fall,  distance,  and 
curvaturf!  affect  this  business  so  that  the  rotul  does  not  operate 
at  it^  ma:(iinum  efficiency,  they  become  very  important,  but 
generally  they  do  not  so  affect  it,  although  in  some  intdanccs 
they  may.  By  analogy,  a  company  may  build  a  plant  to  man> 
ufocture  a  given  commodity,  but  if  lis  failure  to  iuBtaU  a  oertaiQ 
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device  increases  the  cost  of  production  directly  or  indirectly, 
or  if  the  failure  to  paint  its  buildings  an  attractive  color  keeps 
busine^  away,  then  these  otherwise  minor  details  become  im- 
portant. Likewise,  if  the  adverw  advertising  effects  of  rise 
and  fall,  distance,  and  cun-aturc  arc  such  as  to  cause  some 
traffic  to  go  to  competing  roads,  or  to  cause  serious  loss  in  any 
other  manner,  they  become  very  important,  for,  as  has  been 
pointed  out,  the  margin  between  total  revenues  and  total  oper- 
ating expenses  is  not  great  at  best,  and  any  arrangement  that 
will  increase  this  margin  is  worthy  of  careful  consideration. 

Distance  as  a  Basis  of  Rates.  As  discui^sed  in  Chapter  V'll, 
the  present  sj-stem  of  rates  existing  in  America  is  to  a  great  degree 
arbitrary  and  illogical,  but  the  original  consideration  that  was 
largely  used  as  a  basis  for  fixing  rat^d  was  distance,  and  in  general 
rates  are  approximately  in  proportion  to  the  distance  that  the 
commodity  is  hauled.  Rst'Cs  arc  fixed  approximately  according 
to  distance,  not  because  the  cost  of  trans{K>rtation  i.s  proportional 
to  the  distance,  but  because  distance  represents  a  measure  of  the 
service  rendered  that  may  be  compn'hended  by  the  lay  mind. 
Moreover,  it  has  been  the  custom  for  railroads  to  charge  ''  what 
the  traffic  will  bear,"  hence  they  have  arranged  the  tariffs  with 
a  view  to  ease  of  collection  as  well  as  to  the  cost  of  transporta- 
tion. Passenger  fares  are  strictly  according  to  distance  under 
non-com pcti live  conditions,  and  approximately  so  under  com- 
petitive. 

The  value  of  transportation  to  the  patron,  either  of  freight 
or  passenger,  is  not  only  dependent  U[>on  the  usefulness  of  the 
transportation,  but  is  directly  connected  with  the  coet  of  trans- 
portation by  other  means,  such  as  by  horses,  water,  or  auto- 
mobile. The  less  the  fixed  charges  involved  in  Ihe  method 
of  transportation,  the  more  nearly  will  the  cost  vary  in  pro|K)r- 
tion  to  the  distance,  hence,  since  the  cost  of  transportation  by 
other  methods,  e.g.,  by  teams  or  by  auto  trucks,  which  compete 
in  a  remote  way  with  railway  transportation,  is  approximately 
in  proportion  to  the  distance,  the  value  of  transportation  to  the 
patron  is  dependent  to  a  degree  upon  the  distance. 

In  regard  to  the  relation  Iwtween  distance  and  cost  of  trans- 
portation, Mr  Charles  Whiting  Baker,  in  analyzing  terminal 
costs,  makes*  some  surprising  statements  in  this  connection,  which 
•  Enffinemnn  Nvm,  Vol.  CLIU,  p.  253. 
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may  be  somewliat  exaggnrated  but  are,  nevertheless,  very  illu- 
minating. He  says  that  the  rost  of  terminal  homlling  is  so 
great  in  proportion  to  the  cost  of  actual  haulage  that,  "  The  total 
cost  of  moving  fn^ht  from  its  origin  in  one  city  to  its  de.itination 
in  another  is  tlie  same  for  all  distances  Icsa  than  100  inil&s.  .  .  . 
The  cost  of  tenninal  handtiug  in  cities  i«  an  gnjat  compared  with 
the  cost  of  moving  a  train  or  vessel  when  loaded  and  started 
on  its  journey,  that  the  latter  may  bo  ignored." 

In  the  sjjecifie  tai»e  of  handling  freight  between  New  York 
and  Philadelphia,  a  distance  of  90  miles,  the  Ggwcs  arc  (csti- 
mated): 

Per  Ton. 

Terminal  charges  at  New  York $2 .  25 

Terminal  charges  at  Philadelphia 1.40 

Total $3.65 

Cost  of  hauling  at  0.3  cent  per  ton-mile 277 

or  about  ouc-fifti^>nth  of  the  total  transportation  ehargc. 

Between  New  York  and  Chicago,  the  terminal 

charge $3.65 

Haulage  1000  miles  at  0.3  cent 3.00 

the  basis  of  the  above  figures,  instead  of  making  freight 

Irictly  proportional  to  the  distance,  they  eould  be  more 

logically  and  justly  made  by  eharging  a  fixed  amount  to  cover 
terminal  costs  that  would  be  independent  of  the  distance  to  be 
hauled,  and  then  add  an  amount  'per  ton-mile  (except  as  affected 
by  competition)  to  cover  the  cost  of  haulage. 

However  illogind  the  method  of  charging  rales  according 
to  distances,  the  fact  that  rates  are  so  arranged  at  the  present 
time  and  will  probably  continue  thus  for  some  time  at  least, 
should  be  kept  in  mind.  Distance  is  an  item  that  is  easily 
comprehended  by  everyone  and  is  appUcable  to  all  roads,  and  the 
cxwt  of  tranaportation  as  well  as  the  value  to  the  patron  of  the 
eervicc  depend  to  some  extent  or  in  a  general  way  upon  dis- 
tance. Due  to  these  facts  as  well  as  to  the  simplicity  of  the 
scheme,  distance  i.'*  quit(>  |i;ennrally  taken  as  a  basis  of  rates. 

Effect  of  Distance  on  Gross  Receipts.  Whether  a  certain 
amount  of  distance  inserted  in  the  line  or  removed  from  the 
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length  of  the  line  will  have  tmy  effect  on  the  gross  receipts  will 
depend  upon  circu matinees  and  the  nature  of  the  traffic  carried. 
The  effect  on  receipts  for  freijsht  and  pat^uigor  trafhc  will 
differ  and  thej*e  classes  of  traffic  should  be  considered  separately. 
For  the  purpose  of  discussion,  and  following  a  commouly 
accepted  cla^ficatiou,  tralTtc  uiay  be  divided  &ii  fuliuws:  . 

1.  Non-competitive: 
u.  Home  traffic. 
b.   Exchange  traffic. 

2.  Competitive: 

a.  Home  traffic. 

b.  Exchange  traflSc. 

Non-competitive  home  or  local  traffic  ineUides  that  which 
is  handled  entirely  by  the  one  line  and  has  no  choice  of  route. 
This  class,  consisting  chiefly  of  what  is  known  aa  "  way  fi-eight," 
wmstitutes  a  ciuwiderable  portion  of  the  total  business  of  most 
lines,  usually  more  than  50  per  cent  of  the  total.  The  rate 
for  hauling  this  c]ass  of  traffic  is  in  proportion  to  the  distance 
hauledj  hence,  additional  length  of  line  interpolated  between 
the  origin  and  destination  merely  serves  to  increase  the  total 
revenue  derived  therefrom  (without  proportionally  increasing  the 
cost  of  haulage,  as  will  be  seen  later). 

In  the  cjuw  iif  nnn-competitlve  exchange  traffic,  the  custom 
as  well  as  the  legislative  requirement  is  to  fomi  a  through  rate 
equal  to  the  sum  of  the  established  local  rates,  and  the  revenues 
from  such  transportation  are  divided  between  the  carriers  partic- 
ipating in  proportion  to  the  distiince  hauled  by  each,  or  accord- 
ing to  the  local  rates.  Conwtiuently.  where  these  local  rates 
are  in  projKJrtion  to  the  distance,  no  loss  results  from  the  added 
distance,  and  indeed,  an  actual  gain  may  n>8ult,  since  the  cost  of 
transportation  is  not  in  proportion  to  the  addcrl  revenue. 

Competitive  homo  traffic  c»nipris<st  timt  haulird  where  two 
or  more  routes  are  offered  between  the  shipping  points  and  the 
rate  Ix^wecn  these  ixiints  is  fixed.  In  this  case,  the  rriU-oud 
will  have  to  meet  the  tariff  rate  regardless  of  the  distance  over 
which  it  noay  carry  the  freight,  and  for  this  reason  any  additional 
distance  that  may  Iw  inserttni  in  the  line  will  represent  a  loss 
equal  to  the  increased  operating  exijenses  without  any  com- 
pensating gains.     Ou  steam  roads,  this  class  of  traffic  is  not  very 
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loTRC  but  tends  to  increase  with  the  tuuliiplieatiou  of  raih-oads, 
and  especially  with  the  development  of  electric  interurban  lines 
serving  the  same  traflfic  point*  as  thn  steam  lines.  On  steam 
roads  between  large  tcnninals,  it  may  constitute  a  considerable 
portion  of  the  total  business. 

Competitive  exchange  tmfRc  comprehends  that  business 
that  is  (undurtcd  betvvtx'n  two  pubis  behve*:n  which  tJio  rale 
is  a  definite  one  fixed  by  competition.  Any  added  distance 
will  cause  a  loss,  but  frequently  that  loss  docs  not  fall  on  the 
road  having  the  additional  niileagc\  Revenue  From  any  par- 
ticular shipment  over  two  or  more  lines  is  divided  amouf;  the 
roads  participaling  in  a  proportion  that  is  fixed  by  agreement. 
If  these  n)ads  are  fi}ually  slrong  and  influential,  the  agreement 
usually  amounts  to  dividing  the  revenues  according  to  the  mile- 
ttge  that  each  hauls  the  sliipincnt,  but  if  one  is  a  minor  road  and 
has  no  other  nutlet  for  it.s  IraiTic  beLuuse  of  inability  to  connect 
nith  other  lines,  then  the  division  is  arbitrary  and  may  be  en- 
tirely dispr()porlionate  to  the  distance  hauled,  the  more  powerful 
roafl  tlictaling  the  lenns  of  the  ronlracl.  Fn-queritly,  also, 
an  arbitrary'  deduction  is  made  to  cover  terminal  charges  and 
other  costs  of  hantlling  that  arc  incurred  by  one  or  more  of  the 
roadij  partiripftfing  which  entitle  them  to  a  larger  share  of  the 
revenue.  It  also  happens  sometimes  that  a  road  that  is  suffi* 
ciently  i«>wcrful  can  enforce  "  constructive  mileage "  on  the 
basis  of  an  old  route  where  the  length  of  Vmu  has  iKien  dimin- 
ished by  a  cut-off.  As  stated  in  Chapter  \U,  it  ia  customary 
for  the  road  receiving  ttte  frcigtit  to  pay  the  charges  of  the  road 
delivering  the  same  to  the  destination. 

However,  in  thotte  casps  where  the  revenue  is  divided  accord- 
ing to  the  dislanceri  hauled,  additional  length  of  line  may  not 
be  a  disadvantage  at  all,  but  may  serve,  on  the  other  hand,  to 
enhance  the  frarticm  of  the  joint  revenue  coming  to  the  home 
rood.  For  example,  if  the  home  road  furnished  50  miles  of  a  ship- 
ment and  the  foreign  road  200  miles.,  then  the  home  road  will 

50 
receive  ^^^  ,  y..  or  20  per  cent  of  the  receipts  from  the  ship- 
ment.   If  the  home  road  is  made  Kve  miles  loager,  it  will  receive 

56 

■„^^  .  gg>  or  21.5  per  cent  of  the  revenue,  and  inasmuch 
(200+56) 

as  this  added  revenue  is  greater  than  the  added  cost  of  handling 
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over  the  extra  distance,  such  an  increase  in  distance  in  thia  case 

wuuld  hv  an  advantage.     Kcvorsing  the  conditions,   however, 

and  a^uming  the  live  mile^  added  lu  the  20(>-inile  line,  and  the 

205 
latter   would   receive  —    or   80.6    per   cent   of    the   proceeds 

instead  of  80  per  cent  in  the  first  instance.  The  additional 
0.6  per  cent  of  the  rate  would  probably  not  pay  the  additional  cost 
of  hundling,  and  hence  the  Additional  distance  would  be  a  dis- 
advantage. From  the  above  tlLscussion,  the  general  cunoluflion 
is  evident  that  for  the  case  where  the  mileage  on  the  home  line 
is  small  coniparcd  with  the  foreign,  additional  distance  may  I* 
an  advantage,  whereas  it  is  a  (iistinct  diHadvantage  when  (he 
mileage  on  the  home  line  is  a  large  proportion  of  the  total. 
Obviovisly,  the  limiting  case  when  the  loss  would  \x  without 
any  compenRatinn  would  br  when  (lie  mileage  of  the  home  road 
had  increased  until  it  comprised  the  entire  distance  and  the  ship- 
ment became  competitive  home  traffic. 

Frtmi  a  similar  line  of  reasoniiig,  Wellington  made  the  follow- 
ing statement  in  substance  concerning  competitive  exchange 
tralfie:  While  it  is  extremely  de-sirable  that  a  new  line  should 
cnrifttitute  a  part  of  the  shortest  distance  between  two  impor- 
tant traflic  centers,  it  is  not  always  desirable,  and  may  be  disad- 
vantageous to  make  any  effort  to  bring  this  about  so  far  as  its 
own  location  is  concerned,  except  in  the  selection  of  its  con- 
nttutionB. 

This  line  of  reasoning  would  defmilely  eHlabliMli,  from  a 
(lii'iiri'fii'fti  point  of  view,  the  proportion  of  home  to  exchange 
tridHii  thnt  would  mark  the  limit  where  additional  distance  ceases 
li»  lii>  fill  advantage  and  becomes  a  loss,  provided  that  the  oon- 
illtioiiii  iif  ()|H'ration  could  be  analyzed  into  tlu- simple  elements 
hmiimkmI  iit)(ivi<,  The  difficulty  in  its  application  is  that  there 
le  (ihiMNit  nn  infuiile  number  of  combinations  of  shipping  points 
|HiMillilu,  fill  each  Hlatiun  maintains  )xii«<ibU!  traflir  relations 
H'iili  i>vi>r;i'  oil)f«r,  and  the  fixing  of  the  tariff  rate  between  a  given 
•(atiOM  and  iitiy  ipther  constitutes  a  distinct  combination  that 
PA\iMi  bi>  i'nl<'Ull(l<'d  by  itself.  On  thi»  account,  sudi  rather 
ii|)pi'in\i«  nMiMiiiiiiB  may  lead  to  incorrect  conelusiunBi  so  f ar  aa 
l/ieiiurul  inin'lMniniiH  tin-  euiiwrned,  especially  so  inasmuch  as  it 
ItKiitu  tti  roitrhuitoiiH  that  an^  partial  truths.  For  the  simple 
demcitlary  coitditioUM  outlined  above,  the  following  deductions 
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are  usually  made  which  will  serve  to  illustrate  the  range  of  possi- 
ble effect  that  distance  may  have  on  revenues: 

1.  Added  distance  is  not  necessarily  a  disadvantage  to  the 
home  road,  but  may  be  positively  an  advantage  in  the  case  of 
non-com|)elitive  ti-affic. 

2.  Any  additional  distance  represents  uncompensated  loss 
in  the  case  of  competitive  home  traffic, 

3.  lucroaaed  distance  may  constitute  cither  a  disa<!vantage 
or  an  advantage  in  the  case  of  competitive  exchange  traffic,  de- 
pending on  the  relative  lengths  of  the  lines  participating  and  the 
traffic  agreements  between. 

Indirect  ££Eect  of  Distance.  As  previously  indicat4xl,  the 
ultimate  interests  of  the  railroad  and  of  the  community  served 
are  largely  identical,  and  additional  distance  that  does  not 
serve  some  economic  purpose  causes  loss  to  the  community  and 
will  ultimately  bring  loss  to  the  railroad.  It  would  be  a  gross 
mistake,  for  example,  Utr  a  lociititig  engineer  to  meander  across 
a  plain  with  a  view  solely  of  inserting  distance  in  the  line  in  order 
that  the  railroad  may  charge  higher  rates  for  transportation, 
even  though  all  busini>sii  is  to  I>e  local  and  non-conipelitive.  Such 
distance  would  bring  about  economic  loss  in  operation,  which 
must  come  ultimately  from  the  patrons  or  the  community'  served, 
making  the  latter  ptjorcr  and  henw  less  able  to  bring  business 
to  the  railroad.  Low  rates  encourage  traffic,  a  fact  that  should 
be  kept  tu  mind  iu  railway  location  as  well  as  in  railway  operation. 

Under  competitive  conditions,  the  moral  effect  of  quick 
running  time,  of  "  on  lime  tmins  "  made  possible  by  having  the 
shortest  route,  and  other  indirect  effects  may  greatly  add  to  the 
business  of  the  road.  Where  a  patron  has  the  choice  of  two 
or  more  routes,  alt  equally  i:<jnvenient  of  access,  a  very  small 
difference  in  the  quality  of  service  rendered  will  cause  most 
of  the  traffic  to  go  to  the  road  offering  the  more  desirable  accom- 
modations. 

Effect  of  Distance  on  Operating  Expenses.  While  the  effect 
of  a  small  change  in  the  length  of  a  railroad  upon  revenues  may 
be  more  or  less  conjectural,  the  effect  upon  operating  expenses 
is  a  fairly  dchnitc  quantity.  A  considerable  portion  of  the 
items  of  operating  expenses  will  be  entirely  unaffected  by  a  slight 
variation  in  distance  while  others  will  vary  almost  directly  as 
the  distance,  depending  upon  the  nature  of  the  item  of  expense 
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and   upon   the  amount  of  Histance  aHdod.    To  facilltat-e   tJ 
discussion,  increments  of  (iistanoc  may  be  divided  int-o  tliree_ 
classcti,  viz.: 

C!a.ss  A.    Small  distances  that  do  not  alter  the  wages 
train  crews. 

Class  B.     Distances  K^eat  enough  to  affect  wages  of  train 
crews,  but  not  great  enough  to  require  additional  side  tracka 
stations. 

Class  C.  Distances  great  enough  to  alter  the  wages 
train  crews  and  to  require  ailditiunoj  side  tmcks  and  statloi! 

The  effect  of  an  additional  distance  on  operating  expei 
will  now  be  analyzed. 

MamtcTiance  (^  Way  and  Structures.  In  the  United  StateflT 
the  mileage  of  yards  and  aide  tracks  is  npproximutclj'  30  i»er 
cent  of  the  total  mileage  of  line,  and  this  Ls  probably  divided 
about  equally  between  yard  and  terminal  tracks  and  small 
yards  and  sidings.  Kxperience  shows  that  ai>out  one-third  as 
much  efiTort  is  expended  in  the  maintetianoe  of  ludc  and  }'ard 
tracks  per  mile  as  main  line  (see  p.  116),  hence  the  distribution 
of  maintenance  should  be  in  the  proportion, 

PwOnt 

Main  track 90 

Small  yards  and  sidings 5 

Terminals  and  large  yards - 5 

In  the  above  classification,  only  the  main  track  will 
affected  in  the  first  two  classes,  and  nwiin  tnick  and  small  yt 
and  side  tracks  will  l)c  affected  in  the  last  class. 

Other  Optratijig  I'Jxpent^es.  Without  discussing  each  iteiir 
separately,  the  effect  of  additional  distance  on  freight  anil 
passenger  operating  expenses  is  summarized  in  Tid^Ies  XL  and 
Xlil  for  a  representative  western  railroad. 

Most  of  the  items  of  the  above  tables  do  not  require  si 
comment,  although  the  reason  for  choice  of  proportion  affect 
in  some  cases  may  not  be  apparent  on  inspection,  llepairs 
steam  locomotives,  according  to  Mr.  Wellington,  are  due 
strains  in  slopping  and  starting,  to  exposure  and  to  many  otl 
onuses,  so  that  he  estimated  that  only  42  per  cent  were  due  to" 
actual  haulage.  This  ligure  was  reduceil  to  38  per  cent  owing 
lo  the  inlroduet-ion  on  modern  loc^omotives  of  expensive  acoes- 
KHrini  which  deteriorate  independently  of  the  mileage.    For 
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third   class,   WelHngtnn's  estimate  of   15  per  cent  for  strains 
due  to  st-arlinx  mid  slopping  was  adopu-d. 

Accordinft  t«  the  hngt  information  available,  repairs  to  equip- 
ment may  be  apportioned  to  the  following  causes: 

PctCvdC 

Running  on  tanpeni 27 

Starting  and  stopping 20 

Swil'tbing 15 

Exposure 8 

Curvature,  grades,  and  other  causes 30 


Table  XL 

EFFECT  OF  DISTANCE  ON  OPERATING  EX>ENSES, 
FREIGHT  SERVICE 


Item. 


IVr 


BaUuft 

Ti» 

RiuW 

Olhor  tmrli  nml4Tiiil  .    . . . 

Roadway  aiid  Uuck 

Removal  of  snow,  etc 

Qrwid  crwwng?       

Signala  iirul  itii<Tlork<>nt 

Td^npli  and  tdcphune 

BridceB,  etc 

Roadway  l4mlH,  pt<i 

Steam  locomotive  rcpaira 

Frnght  rar  rp[>airn 

Work  rquipirtent  renBiis, 

8hup  niachuier?  and  tuob 

Injuneii  to  peraona 

Stationery  and  printing. ....... 

Station  omployvcs  . .    

dtatioD  nipptiee  and  expenses. . . 

Road  eiiKini'nwn 

Fuel  for  rond  lnfy>molJvei 

OpeiatJrMt  of  fuel  KiariciD 

Water  for  toad  tocontotjw. .... 
LubricantH  for  road  locomotives 

Road  Irainmen 

CaaualtNB,  total 

Totals 


.10 
.321 
.38 
.62 
4.20 
.03 
.24 

n 

.21 
.43 

23 

fl.23 

(i  70 

14 

.3» 

.00 

.03 

5  04 
,33 

4-4B 

6  M 
19 

.49 

15 

5  43 

2  03 


47.77 


Pr»portio«i  Aflocl«cJ, 
Ter  Cent. 


00 
!tO 

90 

IKJ 

90 

10(1 

0 

90 

0 

00 

38 

27 

27 

27 

27 

0 

0 

0 

0 

50 

50 

60 

30 

0 

SO 


B 


90 
90 
00 
tt> 
90 
90 

109 

0 

90 

0 

90 

38 

27 

27 

27 

27 

0 

0 

0 

100 
50 
50 
60 

30 

100 
50 


95 
95 
95 
95 
95 
S5 
lOO 
100 
95 
100 
95 
53 
45 
46 
45 
45 
40 
SO 
80 
100 
05 
05 
66 
80 
100 

too 


itpci  A I 
Traiti-iuilc, 
Pur  CenL 


a 


.09 

2.89 

.34 

.56 

3  83 

.03 

.24 

.00 

19 

00 

.21 

2,00 

I  SI 

04 

.10 

.03 

OO 

00 

OO 

00 

3.32 

.10 

.26 

.Ofi 

.00 

1.32 


17.40 


C 


.09 

2  «9 

34 

.50 

3.83 

.03 

.24 

.00 

.19 

.00 

21 

2  00 

I  81 

04 

.10 

.03 

.00 

.00 

.00 

4.48 

3,32 

.10 

.26 

.05 

5  43 

1.32 


10 
3  05 
.30 
.59 
4.05 
.03 
.24 
.11 
.20 
.43 
22 

2  77 

3  02 
00 

.17 
01 

.01 
4.03 

.26 
4.48 

4  32 
.12 
.32 
.12 

643 
2.63 


27.3037  16 
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Tablk  XL! 

EFFECT  OF   DISTANCE   ON  OPERATINO   EXPENSES. 
PASSENGER  SERVICE 


It«m. 


Prr 

Oat 
ol 

Whole. 


Proponion  Aff*cted, 
Per  Onl. 


Co«t  per  AddiUooftl 
Tnio-mil*, 
Per  OM, 


Ballaet 

Tiea 

Rails 

Other  track  material 

Koadway  and  track 

Ilcnioval  of  snow,  oto 

Grade  crowrinKS , 

Signals  and  interlockcts 

Telpgraph  and  ttlephcjoe 

Uriditeg,  et€. 

Roa(]way  Xaah,  Ptc 

Stcfim  tncotnotive  repairs 

Pasaetigcr  car  n^paini 

Work  equipment  repaira 

.Shop  machinery,  etc 

Injuries  to  p«*rsi>rm 

8tutiuiicry  and  priDling 

Station  cmplojxcs 

Station  supplies , 

Road  enginomen 

Fuel  for  road  locomolivea 

Operating  fuel  slation 

Water  for  road  locomotives 

I^ubricAntA  for  road  locomotives . 
Catfualties,  total 

Totals ^^.^r 


18.33 


8.7810  54  14  Zl 


Assuming  half  of  the  trains  stop  at  stations  and  sidings  of 
tlxc  third  class  of  distance,  the  proportion  would  be  27+10+8=45 
per  cent. 

Road  enginemen  are  paid  on  the  basis  of  a  lOO-mile  run 
with  overtime  for  extra  mileage,  a  fact  which  virtually  places 
enginemen  on  a  mileage  ba-sis,  eapeeially  if  the  division  is  more 
than  100  miles  long.  For  this  reason,  additional  distance  on 
divisions  over  100  miles  long,  the  wages  would  be  directly  alTccled 
while  on  shorter  divisiorm  tlu^y  may  nut  be.  Trainmen  are 
paid  monthly  salaries  on  passenger  trains  and  on  the  same  basis 
as  engiuemen  on  freight  trains.    fVom  the  diacusaiou  of  Chapter 
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XlVr  a  reasonable  division  of  fuel  consumption  is  to  consider 
half  of  the  fuel  used  in  haulage  through  this  additional  distance 
15  per  cent  in  EtoppinjE  and  starting,  and  the  remainder  iu 
various  other  ways.  The  other  items  probably  netul  no  further 
comment. 

Suounary.  The  above  tables  indicate  that  for  freight  service, 
operating  expenses  would  be  increased  as  fc)Ilows  for  additional 
distance: 

PerCBtit. 

For  Class  A  distance 17.4 

Class  B 27.3 

Class  C 37.2 

and  for  passenger  traffic, 

P»r  CmI. 

For  Class  A  distance 8.8 

ClassB 10.5 

Class  C 14.2 

For  this  particular  road,  the  freight  traffic  is  chargeable 
for  69-23  per  cent  of  the  oiK-rating  exiienses,  hence  freight  expenses 
would  be  increased  per  train-mil© 

'  17.4 

For  Class  A  distance  ~^  =  25.2  per  cent. 

27  3 
CJm8  B  — ~  =39.4  per  cent. 

.69  ^ 

37  2 
ClafiC  —-  =  53.7  per  cent. 

Likewise  passenger  traffic  is  chargeable  30.77  per  cent  of 
the  operating  expenses,  hence,  passenger  expenses  would  be 
increased  per  train<mile 

8  77 
For  Class  A  distance    ~^=28.6  per  cent. 
,  308 

10.6 
Class  B  "^"^'^  P^  *^®°'- 

14  2 
CU«C  -;;;^=-**5  3  per  cent. 
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The  average  cost  per  freight  train-mile  on  this  road  was 
found  to  be  Sl-58,  and  of  passenger  trains,  S0.90  per  train-mile. 
If  the  length  of  the  line  were  increased  the  added  cost  per  mile 
of  such  distance  per  daily  train  one  way  would  be  as  follows: 

Freight 

Class  A  $1.58X.252X365  =  $145.30 
ClassB  1.58X. 394X365=  227.20 
ClassC     1.58X. 537X365=  309.50 


Passenger 

Class  A  $0.90X. 286X365  =  $  94.00 
ClassB  .90X. 343X365=  112.60 
Class  G       .90X. 463X365=  152.00 

These  amounts  capitalized  at  5  per  cent  indicated  the  amount 
that  might  be  justifiably  spent  in  eliminating  one  mile  of  dis- 
tance of  the  different  classes. 


Class. 

Freight. 

Pasaeager. 

Class  A 

S2d06 
4554 
6190 

$1980 

ri««.R 

2252 

Class  C 

3040 

t 

I 


w^  CHAPTER  XVII 
MECHANICAL  AND  ECONOMICAL  EFFECTS  OP  CURVATURE 

General  Conside rations.  U  may  be  stated  at  the  outset 
that  it  iu  iinpracticalilr  to  eliminate  all  curvature  from  a  rail- 
road location,  the  question  always  rcsolvinR  itself  into  one  of 
more  or  less  curvature,  and  of  sharp  or  fltttt4?r  curves,  rather 
than  the  presence  or  absence  of  curves  altogether.  From  an 
operating  point  of  view,  a  straight  level  track  would  be  the 
ideal,  but  over  natural  topography  and  with  an  attempt  to  enter 
&U  centers  of  population  that  may  afford  traffic  along  the  way, 
it  is  out  of  the  question  to  secure  cither  straight  or  level  track, 
and  the  best  engineering  skill  is  require<l  to  determine  the  proper 
amount  of  curvature  and  the  economical  rate  of  gradient. 

In  the  begiiniing  of  railroad  construction,  locomotives  were 
believed  to  be  incapable  of  passing  around  curves  and  the  rail- 
roads were  as  a  result  built  practically  straight.  This  view 
was  found  to  l»e  incorrect,  however,  and  at  the  present  time 
many  of  the  most  successful  railways  are  found  to  contain  a 
great  deal  of  curvature.  Fortunately,  since  curves  are  unavoid- 
able, the  disadvantageous  effects  of  curves  arc  perhaps  the 
least  serioua  of  all  the  minor  details  of  railway  location,  although 
6Ueb  is  not  the  popular  impression.  Many  of  the  Hupposed 
objections  are  more  or  less  iraaginar>'.  while  others  have  a  real 
agnificunce  in  the  design  of  a  location.  Two  fairly  distinct 
considffrationa  arise  in  connection  with  the  introduction  of  cur- 
vature into  a  railway  location,  viz.:  (1)  the  mechanical  effects 
on  the  rolling  stock,  and  (2)  the  economical  effects,  or  the  influ- 
ence on  revenues  and  oiKrating  expenses. 

Mechanical  Effects  of  Curvature.  The  mechanical  eflecta 
of  curvature  Ixiar  very  directly  upon  the  problem  of  location. 
They  include  the  effects  on  the  train,  involving  questions  of 
superelevation,  the  additional  resistance  caused  by  curves  and 
Uie  protHir  compensation  of  grades  therefor,  the  allowable  speeds 
on  curves,  and  the  relation  of  the  wheel  base  of  the  rolling  stock 
to  the  maximum  degree  of  curve  allowable. 
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Superelevation  of  the  Outer  RaB.  The  outer  rail  of  a  rail- 
road trai'k  oil  a  curve  in  plauKl  al  u  higher  elevation  than  Ifae 
ioner  rail  in  order  that  the  resultant  of  the  centrifugal  force 
and  the  weight  of  the  train  may  be  as  nearly  as  practicable  normal 
to  the  plane  of  the  track,  and  eonsequo-ntly  make  tiin  wheel  pr«e- 
sures  on  the  two  rails  equal.  This  is  called  superelcvBtiiig, 
elevating,  or  canting  the  track.  Superelevation  does  not  guide 
a  truck  around  a  curve,  as  it  is  sometimes  supposed,  for  the 
position  of  the  truck  on  the  track  is  independent  of  the  super- 
elevation, within  ordinary  Uinits  of  speed.  If  all  trains  paasJi^ 
around  a  given  curve  were  operated  at  the  same  speed,  the  proper 
amoxint  of  superelevation  could  be  calculated  according  to  the 
principles  of  mechanics.  The  truth  is,  however,  that  the  trains 
are  operated  at  widely  different  speeds.  On  single-track  lines, 
which  constitute  89  per  cent  of  all  the  railways  of  the  United 
States,  the  conditions  are  most  unfavorable  for  a  8atiRfactor>* 
adjustment  in  this  respect,  for  on  such  lines  such  extremes  of 
speed  as  fast  passenger  and  slow  freight  occur,  and.  moreover, 
the  downgrade  passenger  trains  run  at  higher  speeds  than  normal 
and  the  freight  trains  up  grade  run  slower  than  normal,  which 
facts  accentuate  the  difference  of  conditions  governing  the  amount 
of  superelevation  required.  On  double  track,  this  latter  condi- 
tion is  avoided,  and  on  four-  and  six-track  railways,  which  con- 
stitute loss  than  1  per  cent  of  the  railroad  mileage  of  America, 
the  conditions  with  respect  to  superelevation  are  ideaL  For  any 
given  speed,  the  problem  is  simple. 

Let    R  be  the  radius  of  the  curvft  in  feet; 

E,  the  superelevation  in  feet  at  gauge  line; 

g,  the  gauge  distance,  4.705  feet  for  standard  gauge; 

If'',  the  weight  of  a  car  carried  by  a  track. 

Tlien,  since    ^    ^  is  the  centrifugal  force  due  to  a  speed  of 

V  feet  per  second,  „„  „  »-^  TT  =  — ,  as  may  be  shown  by  resolving 

the  force  of  weight  normal  and  parallel  to  the  track.  Reduc- 
ing E  to  inches  and  v  to  miles  per  hour,  there  results  for  the 
superelevation,  e,  in  inches. 

««  0.00066  V^i), 
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in  which  Fis  the  velocity  in  miles  per  hour  and  D  is  the  degree 
of  curve. 

The  question  naturally  arises  as  to  the  proper  speed  for  which 
the  superelevation  should  bo  computed.  If  the  freight  traffic 
over  a  line  predominat'^H  and  tlie  passenger  traffic  is  very  light, 
then  the  needs  of  the  former  should  govern  and  the  passenger 
trains  should  be  required  to  slacken  to  a  safe  sjjeed  for  curx-ea 
that  may  be  lacking  in  superelevation.  On  the  other  hand,  if 
the  passenger  traffic  is  of  commanding  importance,  the  speed  of 
the  fast  passenger  trains  slicjuld  euiitntl  the  eant  in  the  track. 
Usually  a  compromise  speet!  is  adopted  for  the  sharper  curves 
and  the  paswjiiger  trains  are  recjuired  to  slow  down  to  a  safe  speed. 
A  limit  is  usually  st?l  empirically  to  the  amount  of  HUpen>levation 
that  may  be  used,  different  railroads  having  different  standards 
in  this  respect,  6  to  8  ins.  l>eing  common  practice. 

Su|X!relevating  for  iKiasenger  trains  will  require  that  the 
grades  be  compensated  for  curvature  to  take  care  of  the  unbal- 
anced fiU|K?rek'vation,  as  explained  in  the  next  article. 

On  single  track  lines  iiscd  exclusively  for  freight,  the  super- 
elevation should  be  calculated  for  speeds  not  exece<ling  15  miles 
per  hour,  for  it  is  less  expensive  to  decrease  speed  on  the  trains 
running  down  grtides  than  it  is  to  overcome  the  additional  resist- 
ance due  to  unlmlanced  suT}crelevation.  An  instance  is  recorded* 
where  two  engines  hauling  'J.5(K)  tniis  of  coal  on  an  8"  30'  cun'e 
with  a  centml  angle  of  IS^^"  habitually  stalled  when  the  super- 
elevation was  5|  ins.,  but  when  it  was  reduced  to  3  ins.  no  further 
difficulty  was  experiencod. 

Formerly  it  was  the  custom  to  maintain  the  inner  rail  at 
grade  in  rounding  a  cur\'c  and  to  c&nt  the  track  entirely  by 
elevating  the  outer  rail.  This  practice  reqiiin-d  the  engine  to 
raise  the  total  weight  of  the  train,  i.e.,  its  center  of  gra\ity, 
through  half  cf  the  superelevation,  and  n-ith  n  short  easement 
spiral,   this  praetice   mjwle   ronsidcrable  diffiTenre   in   the   rate  "^ 

of  grade,  which  on  a  slope  approaching  the  ruling  gradient  was 
a  serious  matter.  A  better  practice,  and  one  that  is  being  fol- 
lowed by  several  railroads,  U  to  raise  the  otiler  rail  one-half  the  ^ 
desired  superelevation  and  to  depress  the  inner  rail  a  like  amount, 
which  mctlu^l  iHTiiiits  the  center  of  gravity  of  the  train  to  con- 
tinue on  the  regular  gnulienl  of  the  track. 

•Prw.  Am.  Ry.  Eog.  Assn.,  Vol.  XIV,  p.  623. 
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Theory  of  Curve  Resistance.  Information  conccnuDg  the 
amount  of  resistance  caused  by  cun-ea  is  very  meager  and  a 
theoretical  analysis  of  the  problem  is  rather  uncertain.  How- 
ever, in  order  to  assist  in  comprchondinK  the  nature  of  the 
action  of  trains  on  curves,  a  brief  theoretical  analysis  is  here 
presented. 

Curve  resistance  arises  from  five  sources,  viz.: 

a.  Rotation  or  tmst  of  wheel  about  a  vertical  diameter; 

b.  liongitudinal  slipping  due  to  difference  in  the  length 

niiln; 

c.  Lateral  ittipping  of  front  wheels  in  guiding  the  truck; 

d.  MuiiKc  frii'tion  in  slidiuK  the  wheels  laterally; 

e.  Unbalani-ed  Ruperelevation,  where  it  exists. 
Obliquity  of  tra<;tion,  which  is  sometimes  mentioned  as  one 

of  the  factont  ejitjiring  into  cur\'e  reHistani-e,  prolxibly  does  not 
increase  the  pull  in  passing  around  a  curve,  for  it  merely  decreases 
the  flanf^e  prcHsurc  required  to  slide  the  truck,  thereby  dimin- 
ishing the  work  done  at  thi*.  flange  which  would  about  counter- 
balance the  additional  pull  required  due  to  obliquity. 

The  work  done  in  rotating  one  wheel  of  each  truck  about  its^ 
vertical  diameter  is  very  small  and  m:iy  be  ncglectefl.  as  will  be 
shown.  From  exix-riments  made  at  Purdue  University,  it  was 
found  that  the  area  of  contattt  of  a  wheel  with  the  rail  is  roughly 
an  ellipse  with  an  area  varying  from  0.3  to  0.5  sq.in.,  depend- 
ing upon  the  load  on  the  wheel.     Since  only  one  wheel  of  a  truck 

W 

is  usually  thus  turned  about  its  vertical  diameter,  -r-  is  thefi 

4 

weight  coming  on  the  average  wheel,  that  i.s  turned^  where 

is  the  weight  per  car  truck  in  pounds.     With  a  coefficient  of  0.3j 

aiul  tiiuking  an  approximnfo  Hohition,  the  work  done  in  turning 

thn>ugh  r  of  central  angle  is  found  to  be  O.OOfMXHKHm'iJ  ft.-lb., 

where  D  is  the  degree  of  curve,  which  amounts  to  0.000180  ft.-lb. 

per  ton  of  load. 

The  total  longitudinal  slippage  Is  •joK't  where  w  is  the  die-' 

tance  between  centers  nf  mils,  flince  this  is  the  difference  in  length 
of  the  outer  and  the  inner  rail  on  a  curve  of  /"  central  angle. 

Since  /  =  YfTy  ^  ^^i^S  the  length  of  the  curve  in  feet,  the  total  slip- 
page is  O.OOOSODL  and  the  work  done  during  the  slip,  since  only 
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I 

I 
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-0.000086D£ir  and  per  ton,  0.1T2DL. 

Lateral  slippage  is  caused  by  the  fact  that  the  front  whwbt 

of  a  truck  guide  the  truck  and  are  necessarily  slidden  sidewiw. 

In  passing  around  a  curve,  the  wheels  of  a  four-wbocl  tnuk 

assume  the  position  mdieatcd  in  an  exaggerated  manner  in  Fig. 

■     43.     The  flange  of  the  outer  front  wheel  really  guides  the  truck. 

H    This  position  of  the  truck  is  taken  approximately  rogardlcM  of 

H    the  superelevation  or  of  the  speed.    Let  AL  ropn!«ic>nt  a  wnaU 

increment  of  proRn'KS  of  the  trurk  ahiiig  the  track.     Then  Iho 

front  wheel  will  \x  slipped  over  a  dtKtancc  AL  sin  a,  u  being 

For  a  1"  curve  and  a  6  ft.  0  in.  truck,  a-0*  3.1',  and 


Fio.  43. — Position  of  Truck  while  Pawing  a  Curve. 


the  total  slip  for  any  degree  of  curve,  D,  will  Iw  O.dOQODL.  The 
front  wheels  slip  on  a  diagonal  a  dititanrt.'  (O.OOOlP+O.tXlOSO^)*/;^, 
0.00125DL.     The  average  slip  for  the  four  whccU  i«  then 


or 


.DL 


(0.00086  +  0.00125+0.0009+0)^,  or  0.0015/)A.  and  the  work 

done  is  0.0015/)Lx0.1STr  =  0.0()02fi.VUU',  wliirh  for  one  ton, 
is  0.53  DL  ft.-lb.,  the  lower  coc-Hicient  uf  friction  Lteing  aHKUini^l 
liecause  of  the  continuity  of  thi!  Klipping. 

A  certain  amount  of  work  is  (l()n('  in  overcoming  flange  fric- 
tion on  the  out«r  front  wheel  in  sliding  the  wheels  hiteraUy, 
which  can  bo  shown  to  amount  to  about  1.0  ft.-lb.  per  t<jn  per 
foot  of  thstance  and  to  be  indepen<l<'nt  of  the  <U*grec  of  curvo. 

When  there  is  an  unbalanced  sufKrclevation,  e  init.,  (liore 
U  an  inward  component  of  gravity  wltich  cauMs  the  flanes  of 
the  inner  rear  wheel  to  grind  on  the  rail  with  a  farce  of  approx- 
imately 0^  lb.  per  ton,  which  is  indejicndirnt  of  the  degrw 
of  curve. 
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The  total  work  done  therefore  in  going  a  distance  L  around 
a  curve  would  be  0.00018Z)L+0.172DL+0.53IJL-f-0.3ei+1.0L. 
or  (1.0+0.3c+0.707)jL,  and  Ihn  force  required  to  pull  the  ton, 
or  in  other  words,  the  resistance  in  pounds  per  ton  duo  to 
curvature,  would  be  I.O+0.3c4-0.7X).  This  ia  equivalent  to  ftj 
(0.05+0.015C+0.03D)  per  cent  grade. 

The  unbalancedsuperclevation  amounts  to  0.00060(  V'l^ -  VV)/> 
where  V'j  is  the  speed  for  which  the  curve  was  superelevated, 
and  V'a  the  speed  of  the  freight  train;  or  the  unbalanced  super- 
elevation (Hjuala  the  actual  superelevation  of  the  outer  rail  mim 
0.00066 1  V7>. 

Compensation  of  Grades  for  Curvature.  Where  eur\'e8 
occur  on  the  ruling  gnuliitiit,  or  on  grades  nearly  equal  to  the  rul- 
ing gradient,  the  rate  of  grade  must  be  reduced  in  order  to  per- 
mit the  locomotive  to  pull  ita  train  wilh  no  more  resistance  than 
it  ejicount^rs  on  a  tangent  on  the  same  grade.  Some  engineei 
do  not  compensate  grades  for  curvature  except  where  the  grade^ 
reaiKtance  plus  (he  curve  resistance  equals  the  reaislance  of  the 
ruling  gradient  for  the  distrif;t,  but  it  seems  advisable  to  coin[3ei 
sate,  perhaps  at  a  lower  rate,  even  on  minor  grades,  in  order 
make  the  pull  of  the  locutnotive  as  uniform  as  possible,  for  und( 
such  conditions,  locomotives  operate  most  efficiently.  Moi 
over,  in  the  event  that  future  grade  revision  should  lower  the 
ruling  gradient,  it  woulil  not  be  necessarj'  to  revise  the  miimr 
grades  by  proper  compensation. 

The  pn3|X'i-  i-atc  of  compensation  depends  upon  the  total^ 
amount  of  remstance  that  is  caused  by  the  curvature.  Owing 
to  the  fact  that  the  resistance  of  cur\'es  depends  upon  the  desif 
and  condition  of  the  nilUng  nlovk  and  perhaps  in  a  .small  measui 
upon  the  speed  of  the  train  in  addition  to  the  main  factors  dt( 
cussed  in  the  preceding  paragraph,  it  is  somewhat  difficult,  if 
not  impassible,  to  state  the  rate  that  should  Vw  geniTally  adopttKl. 
The  possibility  of  neccssarj-  stops  at  block  signals,  water  stations, 
etc.,  Eshould  also  Ix;  taken  into  consideration,  altliough  su( 
influences  should  1h*  adju.*itcd  separately  from  curvature  cor 
pcusation. 

If  the  resistance  is  equal  to  0.7(l.5-f-0.5e+Z))  pounds, 
explained  in  the  preceding  article,  the  compensation  should 
0.035(1. 5-|-0.5e-i-Dj  feet  per  hundred  feet. 

As  an  Illustration,  assume  a  6"  curve  with  3  ins.  unbalanced 
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superelevation.     The  rate  of  eomi)onsiition  }m-  100  ft.  should  be 

0.035(1.5+0.5X3+6)-0.31  ft. 

Tlic  Aiufricaii  Riiilway  EiiKiiiccrtnK  Asaodation  adopted  the 
following  rules  for  romppiis-itin^  curves: 

1.  Compensate  O.O:}  per  cent  per  degixc  when, 

a.  The  lengl}i  nf  the  curve  is  leas  than  half  the  length  of 
the  longest  train. 

b.  The  curve  occurs  within  the  first  20  ft.  of  rise  of  the 
grade. 

c.  Curvattirc  is  in  no  sense  limiting. 

2.  Compensate  0.035  per  cent  per  degree  when, 

a.  The  eun'e  is  iM'twecn  one-half  anfl  three-quarters  of 
the  leugth  of  the  longest  train. 

b.  The  curve  occurs  between  20  and  40  ft.  of  rise  from 
the  Iwttom  uf  the  grade. 

jCompensate  0.04  per  cent  per  degree  when, 

a.  The  curve  is  habitually  tjjieralecl  at  low  speed. 
6.  The  length  of  the  curve  is  longer  than  three-quarters 
the  length  of  the  longest  train. 

c.  The  euperelevatiuii  is  excessive  for  freight  trains. 
(i.  In  any  way  the  curve  is  likely  to  he  tiniiting. 

4.  Compensate  0.05  |X'r  cent  jxr  degree  whtinever  the  loss 
in  elevation  cmi  hf.  spared. 

In  the  n'purt  of  the  Cunirnittee  on  the  Kronomics  of  Railway 
Location  of  this  .\ssoriation  in  1915,  this  statement  is  found: 
"  Ruling  gradients  must  tie  comix-nsated  for  curvature,  and  the 
rate  of  0.04  ft.  [icr  degree  of  centriil  .angle  is  recommended, " 
which  is  the  same  as  eoniiwnsjitirig  .04  per  cent  per  degree  of 
curve. 

Speed  of  Trains  on  Curves.  The  comfort  of  passengers 
when  a  train  on  which  tliey  are  riding  passes  a  curve  at  high 
speed  is  dependent  more  upon  the  condition  of  the  track  with 
regard  to  line  and  surface  than  upon  the  degree  of  the  curve, 
provided  that  the  track  is  given  the  proper  cant  to  correspond 
to  the  speed  at  which  the  train  is  operated.     ^Vs  shown  in  a  previ- 
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^^^B        ous  paragraph,  the  resultant  of  the  weight  and  eentrifui^al  force     1 
^^^V         passing  through  the  center  of  gravity  of  a  train  or  of  a  passenger      ' 
^^^H        is  Dormal  to  tim  Inick  whc-n  the  latter  18  properly  canted.     Uow- 
^^^K        ever,  as  already  seen,  it  is  not  always  practicable  to  adjust  the     | 
^^^H        superelevation  of  the  track  to  the  speed  of  tlip  train,  and  as  a 
^^^H        consequence  it  happens  that  there  is  a  certain  amount  of  unbal- 
^^H       anced  superelevation  on  curves  for  most  of  the  trainfl.    The 
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Fifl.  44. — Speeda  of  Trains  for  Overturning  Speed. 

the  unbalanced  superelevation,   when   either  p 
ill  depend  upon  the  height  of  the  center  of  gra\ 
ig  stock  above   tlie   rail.     Messrs.  G.  J.  Iluy, 

D.,  L.  &  W.  R.  R.,  and  F.  S.  Stevens,  Engin 
ince  of  Way,  P  A  H.  R.  K.,  have  made  a  study 
nd  the  following  reaulti?  are  from  their  valuabi 
•    Table  XLII  gives  the  height  of  centers  of  gra 

•  Pioc.  Am.  Ry.  Eng.  Assn.,  Vol.  XV,  p.  57a 
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Table  XLII 

APPROXIMATE  HEIRHT  OF  CENTER  OF  ORAVTTY  OF  STAND- 
ARD  GAirOE  LOCOMOTIVES  AND  TENDERS  RECENTLY 
CONSTRICTED 

The  Baldwin  Locouotive  Works 


Trpcof 

EkOIMK   IK    WoRKIKO   OhQXS. 

Tbudkh  Loapcd. 

Wtri«bt.  Lbs. 

Ueiebl  C.  ol 
G..  In* 

Wri«bl.  Ltn. 

Heiiht  C-  or 
C-.  las 

4-6-2 

267,000 

80 

147,000 

60 

•2-«-0 

217,000 

74 

177.000 

GO 

2-8^2 

265,000 

78 

167,fmO 

57 

2-H-2 

275,000 

76 

•  1S4.0<K) 

62 

2-8-2 

2ft4,0()0 

78 

167,000 

65 

Ka-^2 

286.000 

75 

15^*  .000 

55 

■M-2 

310,000 

75 

175,000 

56 

2'«-2 

322,  (XX) 

76 

157,000 

62 

2-10-2 

2aa,ftoo 

78 

185,000 

62 

2-10-2 

350,000 

77 

ItKl.OOO 

55 

O-fl-6-0 

sso.ooo  . 

77 

140,000 

62 

(>-»-«-0 

409,000 

H4 

170,000 

61 

2-B-S-O 

4.'>o,oor) 

80 

IM.OOO 

&4 

A«EHirA.N  LopoMoTivK  Companv 


KmuI. 


MilMouri  Pac. . 
Minouri  Pac.. 
Miasouh  Pac. 

B.  A  O 

N.y.c 

L.S.AM.  8. 
(imnd  Tmok . 
B.AO 


PontMylvanift. 

B.AO 

M.AHt.L.  . 
B.  A  0. 


CkaK. 


Wfiehi. 


262 

280 
260 
442 


256,000 
275,000 
209,600 
229,500 
236,000 
261.500 
182,000 
I86.0(XI 
#1  230.000 
«  2  234,500 
19:1,500 
150,500 
180,000 


Cylindiyrfl, 
Im. 


26  X26 

27  X30 
22  X30 

22  X28 

23  X32 
22  X28 

20  X26 

21  X30 

22*X28 

22  X28 
20  X26 
22   X26 


Drivioc 
Dikm..  Idk. 


73 
63 
63 
74 
63 
79 
73 
57 

80 

50 
64 

80 


C»aWr  of 

Gfaviiy 

from  Rati. 


76J 

71 

72 

70 

72 

761 

Ml 
68} 

741 

601 

601 
701 


Center  or  Gha\ity  op  TENbEim 


Road. 

Cipicitjr. 

Tank  Type, 

iimiht  ct  On- 

Wr  of  (IrsTliy, 

In*. 

It 

Efw 

^£q»riinentAl 

9000 
H.'jOO 
8000 

VuiidrrbiJt.  . 
Water  bot... 
Water  bot. . . 

761 

77 

70 

EnPBCIB  OF  CCBVATCRE 


YwiooB  types  of  loMiaoCms  abore  the  top  <tf  tht  ni.  The 
enrveaia  Fm.  44  give  Ibe  apeedi  far  dVennl  conditaanB  of  dcTB- 
tkm  at  the  oater  nil  ud  degree  of  one  al  mUA  At  leBoltsBt 

at  eentjifapd  force  sod  gnvitj  falb  at  the  gaoi^p  line  aod  eooae- 
qpHBtly  malcei  the  loeamotire  an  the  poiat  of  uiqiuiuiiig,  the 
hiighf  of  the  reoter  of  ^nmty  being  &I  ins.  This  qieed  wnald 
obrkiuri^   be  the  maximum  pcmuaaible  od  anefc  corveft     Fig. 
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Pko.  45.— Speed*  for  aa  Uabalanced  Superelevation  of  Three  IncbeB. 


45  Hhnwn  ihp  limiting  8p«>ed8  for  an  unbalanced  superelevation 
"f  3  InH.  It  is  ini|X)!wihlc  to  state  what  unbalautHnl  super- 
elevation will  allow  coiiiftirtubh!  rldinff,  itince  the  effect  of  the 
ourve  will  Iw  noticeable  if  there  is  any,  but  it  is  believed  that 
n  decided  linch  of  the  car  will  not  W  noticed,  when  the  track  is 
properly  spinded,  if  the  unbalancc^t  sniwrclevution  is  not  greater 
than  2  or  3  ins. 
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Mr.   J.    W.    Macomlt-Hood,*    from  an   extended   scries  of 

observations,  found  that  the  maxiniuin  upftrating  .spc^ida  on  Ihe 

130 
British  railways  might  \te  expressed  by  the  formula,  K  — — 7= 

D  being  Ihc  degree  of  curve,  allhuugh  tlin%  of  his  observations 
showwi  higher  speeds  thun  Ibis  wnnld  indicate.  This  equation 
would  probably  repret^ent  maximum  speeds  in  America  where 
the  roadbed  is  in  good  coudition.  A  formula  for  maximum 
operating  sjieed  miirh  iimmJ  in  the  ralctilation  of  bridge  stresfies 
due  to  centrifugal  force  is  V  ^  fiO  —  2.5D,  which  gives  very  consen'a- 
tive  speeds. 

Limiting  Effect  on  Motive  Power.  Owing  to  the  long  wheel 
bases  of  recent  types  of  locomotives,  sharp  curvature  has  a 
limiting  efifect  on  the  eharat-lcr  of  locomotive  that  can  be  oper- 
ated over  the  cnn-es.  It  is  evident  that  the  drivers  of  a  loco- 
motive on  a  rigid  wheel  base  must  be  held  in  a  straight  line  while 
runmng  and  hence  must  lie  on  a  chord  of  the  curve  of  the  out- 
aide  rail  and  on  a  tangent  to  the  curve  of  the  inside  rail.  Since 
the  length  of  this  chord  or  tangent  governs  the  length  of  the  mid- 
ordinale  tir  tangent  offset,  as  the  case  may  be,  it  is  clear  that 
the  length  of  the  wheel  base  and  the  amount  of  play  between 
the  Hangcs  of  the  wheels  and  the  gauge  of  the  rails  will  deter- 
mine tlie  sharpness  of  the  curve  that  can  be  pu.s»ed.  Some 
roads  use  "  blind  drivers,"  i.e.,  without  flanges,  for  the  inter- 
mediate wheels  or  for  the  end  wheels  in  order  to  enable  their 
locomotives  to  pass  around  the  curves  with  greater  facility. 

From  the  equation  in  railroad  curves  giving  the  ordinate 
to  u  curve  at  any  point  on  a  chord,  the  allowable  radius  of  curve 

for  a  rigid  tnick  woul<l  be,  fi  = — ,  and  for  a  swing  motion 

Gab 
truck,  H»*y ^  Y'   where   a   is   the   distance  in  feet   from 

center  pin  of  a  four-wheel  tnick,  or  from  the  axle  of  a  two-wheel 
truck,  to  the  center  of  the  first  driver  axle;  &  is  the  distance  in 
feet  cpiiUt  to  center  of  front  and  reiir  driver  axles;  p  is  the 
flange  play  in  inches,  assunuM  ordinarily  at  t  in.;  8  is  the  swing 
of  the  truck  in  inches,  taken  ordinarily  as  1}  Ins. 

•  Proe.  Insl.  C.  E..  1908,  p.  126. 
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Table  XLIII  gives  Uie  length  of  wherl  base  of  various  types 
of  loconiotivrs,  the  rigid  wheel  base  being  the  distanee  ecntor 
to  center  of  front  and  rear  axles,  while  the  total  wheel  base 
is  the  distance  from  center  to  center  of  first  and  last  locomotive 
axles.  A  locomotive  has  recently  been  built  of  the  2-10-2  type 
having  an  arrangement  for  the  lateral  movement  of  the  end 


Table  XLIII 
WHEEL  BASES  OF  LOCOMOTl\'ES.    STANDARD  GAUGE 


RaUrOMl. 


C.  A  A 

C,  I.  AL 

L.S.  A  M.S.... 

C.AO 

C,  R.I.  A  P.,. 

Ptouia. 

D.,L.  A  W 

U.  P 

N.  Y.  C.  A  H.  R 

Virginian 

N.  Y.  C.  A  H.  R 

D.,  L.  A  W 

lU.Ceut 


Type. 


462-248 
462-206 
282-323 
282-324 
282-320 
402  316 
44I2-2S8 
462-278 
402-272 
2882^-540 
0100-274 
06G-220 
000-i6U 


WmcKL  Baas. 


Driven. 


Total. 


laa. 


Di»m.  of 
Driven. 


driving  axlett.  Although  the  rigid  wheel  base  of  this  locomotive 
is  22  ft.  6  ins.,  the  locomotive  succusdfully  parses  around  20° 
curves.  The  maxinmm  degree  of  curve  for  which  certain  types 
of  locomotives  used  on  the  C,  M.  &  St.  P.  Ry.  arc  designed  is 
shown  in  Table  XLIV. 

The  length  of  wheel  base  is  not  the  sole  factor  that  dcter- 
muies  the  degree  of  curve  that  a  locomotive  can  pass,  the  design 
of  the  wheel  tread,  the  rigidity  of  the  trailer  if  present  and  the 
design  of  tbe  front  truck  having  much  to  do  with  the  quea- 
tiou.  However,  llie  length  of  the  wheel  base  is  the  most  impw^ 
tant  factor  and  can  be  used  for  approximate  calculations. 

A  complete  truck  consisting  uf  four  wheels  is  more  easily 
guided  around  a  curve  than  one  of  two  wheets^  hence,  for  high 
speed  passenger  service,  a  complete  truck  is  almost  invaiiably 
used;  but  for  freight  service,  in  order  to  increase  the  weight  on 
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the  drivers  and  the  number  of  drivers,  a  two-wheeled  or  pony 
truck  is  commoaly  used. 

Tablb  XMV 

MAXIMlfM  DEGREE  OF  CURVE  FOR  \VH1CHU)C0M0TIVES  ARE 
DESIOXED,  C,  M.  &  ST.  P.  RY, 


I 

I 
I 


1 

I.KNorii  or  WnsEk  Babe. 

LoMmntiw  Tjrpv. 

Ridd. 

Enciso  Totdl.. 

Curve. 

460-179 

Fl,        Ib». 

13  11 

15  3 
17           6 

14  0 
14           t) 
14         10 
12         11 
U           0 

16  5 
16           6 

10  0 

11  0 

n         0 

Pi.        Ine 
25          5 
23       11 
28        7 
23         7 
35        6 

28  5) 
25        31 

29  3 
35         1 
35         1 
48        0 
U         0 
11         0 

PI-        la: 
55       101 
5(i         6 
60         2 
67         IJ 
67         Oi 
55         9 
55        9 
69        91 

65  71 

66  81 
79        81 
41         0) 
41         7i 

11 

280-177 

17 

16 

462  247. V 

12 

462-240 

12 

460-178 

10 

460-183 

12 

263-206 

2tK^261 

18 
16 

2te-27fi 

16 

OQO-103 

20 
40 

060-127 

40 

Economic  Effects  of  Curvsttire.  As  previously  stated, 
railway  location  jiivnlves  not,  only  physical  prolilenjM,  but  it 
requires  an  investigation  of  the  economic  conditions  as  well. 
Not  only  tlie  physitral  or  niechaniea!  effects  of  curves  must  be 
considereil,  but  thfir  *'^Jn^)Ini^:!  innucnre  must  be  studied  also. 
Curves  may  affect  the  location  economically  in  reducing  the  reve- 
nues by  having  an  adverse  effect  on  traffic,  and  in  causing  an 
increase  in  opomtinR  expenses. 

Effect  of  Curvature  oa  Revenues.  That  excessive  curva- 
ture has  a  deterrent  effect  on  traffic  is  evidenced  by  the  tendency 
of  railway  traffic  managers  to  make  their  Uites  appear  as  straight 
as  possible  on  the  maps  in  the  time-tables  and  other  advertising 
matter.  There  is  ver>'  little  doubt  but  that  curvature  to  the 
general  public  repn'scnits  a  verj'  objectionable  feature  in  rail- 
way oix'ration,  regardless  of  the  fact  that  when  curves  are  prop- 
erly spiraled,  most  people  ride  over  them  without  noticing 
the  deviation  from  a  atnuKht  track.  However,  excessive  curva- 
tore  operated  at  high-speeds  is  likely  to  make  paasengers  car  sick, 
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and  hence,  those  persons  having  an  idiosyncrasy  to  car  and  sea 

mfHs  will  likfly  chotiw  other  routra  for  travel. 

Not  only  does  pxcessive  curvature  have  a  detrimental  pffect 
on  possenKor  traffic,  but  certain  claesca  of  freight  are  injured  in 
the  pa.HHut{e  around  sharp  curves;  for  example,  live  stock  on 
freight  cars  may  he  unduly  jostled  together  and  thnmhy  sufTcr 
Io6s  in  weight  and  condition.  This  fact  not  only  augments  the 
dmniigi;  rlainw  from  tihip[)ers,  but  may  vciy  materially  lessen 
the  amount  of  live  stflck  shipments  over  the  lino. 

Whatever  deleterious  effect  curves  may  have  on  the  amount 
of  revenue  w^cured,  the  efTect  would  ^x.'  rertuinly  confined  to  com- 
petitive business.  However,  it  is  impossible  to  state  a  definite 
percentage  that  might  represent  the  effect  of  curvature  on  traffic, 
»nfl  n«  a  ronsequeiice,  it  Ib  eoimnoiily  neglect<;d  altogether, 
althou^lt  doubtless  it  should  bn  given  some  consideration. 

Danger  of  Operation  on  Curves.  Accidents  usually  reault 
from  i-fmditinns  tlmt  wt^re  not  anticipatetl,  coniw'quently,  while 
cxpcnditujc  of  money  will  decrease  the  frequency  and  scrimis- 
ness  of  accidents  that  do  occur,  yet,  it  may  be  safely  stated 
thdt  no  rxpc^tidilure  of  rrioney  would  eUminate  all  accidents 
altogether.  Curvature  is  only  one  possible  source  of  accident 
and  prulmbly  one  of  the  least  prohGo  sources.  In  fact,  railway 
travel  is  not  so  hazardous  as  many  believe.  .\rri<lenl  insurance 
rates  on  railwa>'S  are  loMcr  than  for  conditions  of  working  at  most 
oeeupations.  Perha|>s  two-thirda  of  the  railways  in  any  one 
j'ear  do  not  h»ve  an  accident  in  which  a  paswnger  i.-^  killed. 
Many  niilroads  jmss  through  perinls  of  five  to  ten  years  without 
caiming  the  death  of  a  piijwengcr.  In  1912,  114  passengers  were 
kilhil  ill  train  aeeident^,  while  34,447,200,000  passengers  were 
carrie<l  one  mile,  or  about  244,(MR),lXK)  p:ispengera  carrifTd  one 
milo  for  every  one  killed  in  a  train  accident.  At  this  rate,  in 
undertaking  n  journey  of  1000  miles,  the  chances  would  be 
1 :  244,(KM)  thtit  a  pers(m  would  Ix^  killed  in  an  accident,  or  putting 
it  another  way,  a  person  traveling  1000  miles  every  24  hours 
n>ould  h.i\T  to  ride  1170  years  In-fore  the  rhances  would  be  even 
that  he  wiHild  lie  killeil  in  a  railway  accident.  .\»(uming  one- 
&fth  of  the  railroad  mileage  to  consist  of  cur\*cs.  he  would  hs\'e 
Co  tni\*el  3300  years  l>efore  U-inc  kilUni  on  a  cun-e,  and  he  would 
hftvv  (ilxHil  one-fortieth  of  this  immunity  against  iojury. 

While  10.9ft4  persons  were  killed  by  r&ilro«ds  in  the  United 
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States  in  1913,  only  759,  or  7  per  cent,  of  these  lost  their  HveB 
due  to  defect  or  niischanee  in  railway  operation,  the  remaining 
93  per  rent  being  Hue  to  nrEliprnrc  on  thn  part  uf  the  individual 
victims,  Consi<lembly  inuro  than  oO  pir  rent  were  trespassers. 
Only  336.  or  3  [jcr  cent,  were  passengers.  Of  the  200,308  in- 
juriea,  only  14,407,  or  about  7  per  cent,  befell  pti.s.s(?n)iers.  Of 
the  336  pa^wengers  killed,  only  141  were  killed  in  derailnienta  or 
collisions,  the  only  two  classes  of  accidents  that  could  be  attrib- 
uted to  eurvatuni  in  any  instjuiec.  >\niilo  no  .statiatityi  are  avail- 
able to  indicate  the  number  of  wrecks  due  to  eurvature,  it  ia 
obvious  from  the  above  that  the  number  is  small.  From  an 
experienre  nf  several  years  in  railroad  fler\'iee  and  horn  nlwerva^ 
tion  of  railway  operation,  the  author  does  not  recall  a  single 
imttance  of  a  wreck  that  was  caused  entirely  by  curvature,  none, 
indtHiI,  that  would  not  probably  have  orcurred  on  tangent  align- 
ment under  similar  conditions.  From  the  above  considerations, 
it  appcarij  that  the  danger  due  to  curvature  is  slight. 

Effect  of  Curvature  on  Operating  Expenses.  To  make  a 
reliable  estintate  of  the  efToct  of  cuivaline  on  opt-rating  expenses 
ia  extremely  difficult  Ijec-ause  of  the  lack  of  any  exact  and  com- 
plete oltservat inns  nn  the  subject.  That  curvature  increases 
operating  expenses  is  not  duiibt4Hl  Ijy  anyone,  fur  manifestly, 
the  danger  of  derailment  and  colUmon  is  soim^vhat,  even  if 
slightly,  nugnientcfl;  the  resistance  is  inerea.sed,  thereby  adding 
to  the  fuel  and  other  expen-sea;  the  wear  on  track  and  roadlMxl 
is  more  severe,  and  in  numerous  other  ways,  curvature  indubitably 
adds  to  the  cost  of  operation,  but  to  assign  a  definite  value  to 
the  incniased  ixwt  is  difTicuh,  to  say  the  least.  However,  by 
the  methods  previously  employed  in  studying  the  effect  on  the 
«'|>arale  items  of  o[MTating  exp*'nse«.  it  may  Iw  p(»SHible  to 
arrive  at  a  fairly  relijible  CHtimntf'  of  the  total  effect. 

'ITie  first  question  that  naturally  arises  is  whether  or  not 
the  tffcil  of  curvature  i.s  dependent  on  the  degre*'  of  oirve, 
and  to  wliat  extent  it  varies  with  the  degree.  It  is  commonly 
assumed  that  the  cost  of  curvature  is  dependent  on  the  amount 
of  curvature  rather  than  n[>on  the  degree  of  curve:  that  is, 
1000  ft.  of  \°  curve  would  exert  the  same  iuHuentx*  on  opi-rating 
expenses  that  100  ft.  of  10**  curve  would  exert.  While  this 
proposition  ha**  never  been  definitely  proved,  it  is  commonly 
accepted  as  being  essentially  correct.    The  total  work  done  in 


possinK  the  curve  is  practically  the  same  for  any  pvcn  central 
aniilc,  rrgiirtllcss  of  the  tU'^ret;  of  curve,  lumt-e,  the  increase  in 
fuel  i^nriHumplion  is  apparently  <lependent  chiefly  on  the  central 
ansle  and  probably  the  wear  on  the  track  likewise  varies  with 
the  central  angli*.  What  observaiionw  have  hw^n  made  seem 
to  suppoit  tliis  theorj-,  hence,  it  is  desired  to  investigate  the 
effect  on  operatiuK  expenses  per  degree  of  cur\'ature  rather  (han 
per  degree  of  curve. 

A  useful  form  of  the  question  at  issue  is,  At  what  amount 
of  curvature  will  the  resistance  be  double  thai  on  a  straight 
track?  Assnniing  i)Ji  ]b.  per  ton  per  degree  of  cur\'e  to  rep- 
retJcnl  the  rcsistanw?  due  to  curves,  and  6  lbs.  per  ton  as  average 
train  rcRistuna*,  Wellington  cnnrliide<t  that  the  reftistance  'n'ould 
be  double  that  on  a  tangent  tnvck  for  a  12"  curve,  and  Mr. 
J.  B.  Berry  In  relocating  a  portion  of  the  Union  Pacific  Hail- 
way,  assumed  that  12°  30'  curves  would  double  the  resistance. 
The  Committee  on  Roadway  of  the  American  Railway  Engi- 
neering ^V^ociation  stated  that  0.8  lb.  per  degree  was  a  fair 
average  resistance  due  to  curves,  which  on  the  above  basis 
would  make  the  resistance  double  on  a  7"  30'  curve.  Following 
the  analj^fiis  of  the  fii-al  part  of  this  cliaptor  in  winch  (l+.TD) 
lbs.  was  found  to  represent  the  average  curve  resistance,  the 
resistance  would  lie  found  to  be  doubled  on  a  7"  10'  curve. 
Owing  to  the  fact  that  the  litisis  of  estimating  cost  of  curvature 
is  the  average  cost  of  operation,  which  includes  operation  over 
cun-es,  a  lower  figure  than  0.8  lb.  i>er  degree  shoiUd  proliably 
l>o  adopted,  and  perhaps  0.0  lb.  would  more  nearly  repK-sent 
average  conditions.  On  this  basis  and  with  6  lbs.  as  the  average 
train  resistance,  the  resistance  would  be  double  that  on  a  tan- 
gent track  on  a  10"  curve.  One  mile  of  10°  cur^'c  would  mean 
528°  of  central  angle. 

In  the  following  discussion  as  to  the  ePfcci  of  528*"  of 
curvature  on  the  operating  cxpenacH,  only  those  items  that  are 
affected  will  be  mentioned. 

Bnliajil.  No  exact  information  is  available  as  to  the  added 
wear  on  ballast  due  to  cur^'e«,  but  it  was  found  on  one  railroad 
that  a  4**  cxure  required  about  10  per  cent  and  n  10"*  curve 
rciiuired  almut  35  |>er  cent  more  Imllasl  than  did  tangent  track, 
hence  it  would  probably  be  a  fair  estinmte  t<»  assume  33  per 
cent  a  sthe  average  increase  in  wear  on  ballast  for  a  10°  curve. 
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Ties.  Tbe  thrust  afEainst  the  outer  rail  ami  the  preeeiirc 
against  the  inner  rail  cause  an  overturning  moment  that  tends 
to  cut  the  ties  under  the  edge  of  the  rail,  and  ai?  a  n-sult,  a  rchkI 
pracliw  is  lo  place  tie  plate--*  "u  all  run'es.  or  perhafw  on  all 
above  a  certain  degree.  Tlie  spikes  are  pulled  by  the  action  on 
curves  and  have  to  be  redrivcn  more  frequently  tban  on  taniucent, 
which  fact  also  tendH  t«  sliorten  the  life  of  the  ties.  Wellington 
gives  some  data  which  seem  to  indicate  that  a  10**  curve  will 
add  50  per  cent  to  the  cost  of  ties,  and  other  tluta  are  in  the 
author's  files  that  would  indicate  from  100  to  200  per  cent  in- 
crease in  the  wear  on  ties  due  to  a  10*  curve.  From  a  somewhat 
extendtnl  study  of  the  conditions  of  ties  on  curves,  the  author 
would  estimate  the  increase  in  wear  on  curves  to  be  about  100 
per  cent  for  a  10°  curve. 

Railjf.  Tbe  wear  on  rails  ap))ear8  to  vary  almost  directly 
with  the  degree  of  curve  in  tbe  rather  meager  observations  that 
have  been  made.     Table  XLV  *  gives  the  results  of  some  obser- 

Tablb  XLV 
WEAR  OP  R.AIL  ON  CUR \'ES— NORTHERN  PACinC  R.  R. 


Curve. 

Per  Ota  Lom  io 

Pout  VeMm. 

PprCcBi  Lo««pcc 

MiUtDR   Tons 

Traffic. 

Ratio  of  1am*  on 

CuriL-  (»  Low 

nil  T*iiK. 

Cutvo*  i>«f 

4*       31' 

5          0 

10          0 

2.043 
3,6K.') 
4.100 
6.066 
1.3M 

O.SHO 

1  2:(3 

1,512 
l,70(t 
0,501 

1.677 

2  .Am 

2  880 

3  237 
1  028 

Ifi.O 
27.0 
18.8 
21.3 
31 .0> 

I  On  xnother  diviiion  whi^re  umtcnt  wvftr  wm  0  260  p«r  c«Bt  per  million  tooa  of  IralRo. 


vations  made  on  rail  wear  due  to  curves  on  the  Northern  Pacific 
Railroad.  The  loss  on  a  tangent  subject  to  the  same  traffic 
was  0  525  per  cent  per  10,000,000  tons  of  traffic  carried,  and 
all'  losses  arc  reduced  to  this  basis.  Each  value  is  the  average 
of  five  olHerv'aticins.  Averaging  these  values  gives  a  result  of 
22.ti  as  the  mean  percentage  of  increase  of  wear  per  degree  of 
cur\e,  or  220  per  cent  increase  for  a  10**  curve.  On  one  southern 
railroad,  it,  was  found  tliat  the  outer  rails  on  10"*  curves  hod 
to  be  renewed  in  three  years  and  the  inner  rail  in  six  years^ 

*  EcoDomioi  of  RAilroiul  Contitniction,  W.  L.  Webb,  p.  169. 
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making  An  avcroRc  life  of  four  and  a  half  ycant  for  rail  on  a 
W  curw.  On  tarincnt  tnick  on  the  samn  Ttyatl,  the  life  of  rail 
was  found  to  \>c  aWuit  t^^n  years,  indicating  that  the  increased 
winar  on  a  10°  curve  was  222  per  cent  of  that  on  a  tangent, 
which  agrnps  fairly  cloaely  with  the  records  on  the  Northern 
Pacitic  U.  Jt. 

Roadway  and  Track.  The  sub-items,  track  maintenance  and 
applying  (rack  mutcrial,  iirc  alxml  the  only  ones  affected  by  cur- 
vature, and  these  anistitute  about  25  per  cent  of  the  total. 
Track  aecliuUK  are  shortened  sometimes  from  10  to  25  per  cent 
where  there  is  considerable  curvature  in  recognition  of  the  fact 
that  eurvi^in  require  mure  tut>or  than  tangent  track.  For  these 
reaAonn  it  is  believe<I  thai  allowing  an  increase  of  25  per  cent 
ia  this  item  for  curvature  will  be  about  correct. 

Steam  LocoinotiiTft.  About  85  jwr  cent  of  the  total  expend- 
iture chargpable  tu  thiH  item  is  attributable  to  road  locomoUVee, 
consequently  only  that  percentage  will  be  in  any  way  affected 
by  curvature.  The  tire  wear  is  probably  ijirrt?a.se<l  ia  about 
the  same  proportion  that  rail  wear  ia  increa.sed,  or  22.6  per  cent 
per  degree  of  curvature.  On  the  pr<:vious  as.suniption  that  the 
work  done  by  thn  liM^iniolivi-  in  pa.s.sing  a  10"  curve  is  doubled, 
the  general  strain  on  the  locomotive  would  be  largely  inereaacd. 
It  is  poHsible,  therefore,  that  the  wear  on  locomotives  would 
be  increased  from  1(H)  to  150  [M-r  cent  on  528  degrees  of  cur- 
vature per  mile. 

Conthidiriy  Tranitportation.  Fuel  is  the  chief  item  affeelod 
under  this  heading,  and  Hince  about  80  per  cent  of  the  fuel  is 
used  in  hatding  the  train,  only  this  proportion  will  be  affected, 
and  since  it  is  asttumetl  that  the  resistance  \n  doubled  for  these 
condition.s,  Ihe  increase  in  fuel  would  be  about  SO  per  cent. 

The  wages  of  enginemen  and  trainmen  will  lie  increased  some- 
what, doul'tless,  owing  io  the  increatJed  difficulty  in  making  time, 
and  a  10  |»e-r  cent  in{-r(*a.se  is  tti-signL-d  to  tlus  item.  Other  items 
of  transportation  exiwnses  wilt  not  be  appreciably  affected. 

By  similar  reasoning  for  other  operating  expt^nses,  an  appro- 
priate prftportioit  of  incn-jwe  of  operating  e,\[Kni.sej*  can  be  eeti- 
niated.    A  summary  of  these  calculations  is  given  in  Table  XL VI. 

Summary.  From  the  tilw.ve  table  it  nppcars  that  38  jierceni 
increase'  in  iiiMTaliiig  cxiK-nwsi  might  Ix-  ex[H^ried  from  the  intro- 
duction of  528  degrees  of  curvature  p<!r  mile  on  the  location  of  a 
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railroad,  or  0.070  per  cent  ptT  degree  of  central  angle.  If  the 
average  operating  expense  Ix-  tjiken  asSL76  per  train-mile,  each 
degree  of  cun*ature  would  _  cost  S0.90  per  year  per  daily  train 
each  way,  which  would  imlicale  that  about  S15  might  l>e  justi- 
fiably sp<>nt  to  eliminate  1  degree  of  curvature  for  each  round 
trip  daily  train. 


/ 


Table  XLVI 

EFFECT  OF  CURVATURE  ON  OPERATING  EXPENSES 

Bwed  fm  the  anuraption  tluit  .52S  rlpgrerA  nf  curvature  per  railo  will  double 

tbc  train  rfi^tttuuce. 


Iwn. 

ol  Opirratiiui 
Ksiminr*.  11114. 
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Por  Out. 

[nereow  in  Coat 

Pni  Trftin-inilo, 
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0.98 
1   10 
».S5 

9  ;w 

\M 
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0.33 
0  S5 
9  42 

0  se 

A.95 
6.42 

33 

100 

225 

50 

25 

125 

25 

75 

SO 

60 

80 

50 

10 

10 

0   II 

Ties 

3  07 
2  20 

Olltcr  (riu-k  ninlerial..  .      ... 

Rfwdway  unJ  truck 

Steam  lr>roniuli%-w 

Pasftcnipr  Iniiti  nirn. 

0.55 

1  71 

11  77 

0  «} 

8.42 

0,17 

Shop  maehioery.     

Fuel  toed  lutfoinotive            ... 
OtbtTsupp.  ruad  lucuuiotiwa 

0  2S 
7.53 
0.4d 
0.60 

Rosd  tnunmen 

0.64 

38.00 

From  the  fon^guing  il  i»  evident  LhaL  the  intriMluetion  of 
a  rcrtain  amnuni  of  eurvalure  in  a  location  does  not  represent 
a  great  cconoiuie  loss,  and  particularly  is  this  true  on  light  traffic 
railroa<l8.  Many  roads  with  heavy  traffic  have  operated  their 
lines  containing  concidcrablp  curvature  without  finding  the 
existence  of  curvature  a  vit.il  handicap.  The  amount  of  curva- 
tun;  that  may  pni(>crty  be  introdutrcd  in  a  location  i»  dependent 
a1mo»t  entirely  upon  the  character  and  amount  of  trjiffic  to  l)e 
carrietl  ajid  should  l»e  determined  rationally  instead  of  by  arbi- 
trary a»iignment.  For  example,  ituitead  of  attempting  to  locate 
a  line  with  6®  as  the  inaxiinuni  degree  of  curve,  the  engineer 
should  adopt  such  curves  od  the  topography  will  readily  yield 
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and  then  rrdiico  the  amount  and  aharpnesa  of  the  curves  as  much 
a*  can  he  economically  justified  by  the  traffic  to  be  carried. 

Choice  of  Degree  of  Curve.  Whi|^  it  is  true  that  the  amount 
of  curvature  rather  than  the  degree  w  the  more  important  eon- 
aidcration,  yet  the  proper  degree  of  curve  to  !»  used  is  a  matter 
that  must  bo  decided  in  every  location.  In  general,  a  location 
should  not  be.  begun  with  an  attempt  to  limit  arbitrarily  the 
iitaximuin  degree  of  curve  to  any  definite  figure,  but  ratlicr,  the 
degree  of  each  curve,  where  difficulty  in  obtaining  the  dcsirecl 
degree  is  ciicounlered,  should  \te  det*;nniiied  for  each  case  on  its 
own  merits. 

As  shown  in  the  preceding  article,  the  total  effect  on  main- 
tfluanre  pxpensos  is  largely  independent  nf  the  degree  of  curve 
for  any  given  central  angle,  hence,  the  cost  of  conducting  trans- 
portation is  the  utily  c'la.s.i  of  operating  expenses  that  is  likely 
to  1k'  affet^twl  })y  the  degreci  of  curve.  The  chief  considerations 
in  the  choice  of  degree  in  this  connection  are  (1)  the  highest 
speed  of  the  trains  to  be  operated  over  the  line  and  (2)  the  diver- 
sity of  the  traffic  carried.  With  fast  paKsenger  and  slow  freight 
trains  passing  over  the  same  line,  the  conditions  for  unbalanced 
superelevation  will  \ni  maximum.  Supixise  ihe  freight  trains 
pass  a  cur\'e  at  20  miles  per  hour  and  the  passenger  at  50,  the 
former  would  need  0.26/>  in.  of  superelevation  and  the  latt<*r 
1.65D  ins.,  or  a  (HfTerence  of  IAD  ins.  For  a  *»°  curve,  ai»- 
euming  an  allowable  unbalanced  superelevation  of  3  ina.,  the 
sui)erelevalion  for  the  pa-ssengcr  train  would  be  0.26X6-f-3  =  4.56 
ins.,  if  the  freight  aer\'ice  were  allowed  to  govern.  A  sufier- 
elevation  of  4.5(i  ins.  would  correspond  to  a  speed  of  33  miles 
per  hour.  Reducing  the  velocity  of  a  750-ton  passenger  train 
from  50  to  33  miles  per  hour  would  mean  a  loss  of  0.003511(50* 
=  33^)X750=37,.500  ft.-tons  of  energ>*.  Aitsuming  5  lbs.  of^ 
coal  costing  Si  per  ton  to  produce  1000  ft.-tons,  this  would  mean 
37.5X0.007fi  =  $0.28.  Wear  on  brake  alioca  and  rigging  would 
probably  amount  to  $0.05  more  and  the  coal  for  applying  the 
brakes  to  SO.Ol,  making  a  total  of  S0.36  for  the  cost  of  slowing 
down  such  a  train  on  account  of  this  curve.  For  one  passenger 
each  way  per  day,  this  would  amount  to  $0.36X365x2  =  ^262.80 
per  year.  Capitalized  at  fi  per  cent,  this  sum  would  mean  an 
investment  of  $4380.  From  Fig.  45,  it  is  seen  that  the  passenger 
train  might  pass  a  4°  30'  curve  with  a  superelevation  of  4  5ti 
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ins.  at  50  miles  per  hour  without  slackening  speed.  This  reason- 
ing would  indicate  that  the  sum  of  $4380  might  be  justifiably 
spent  for  each  round-trip  passenger  train  of  the  character  assumed 
in  order  to  reduce  the  6"  curve  to  4"  30'. 

The  lost  time  due  to  slackened  speed  would  probably  be  made 
up,  hence,  the  lost  energy  would  represent  about  the  only  source 
of  loss  to  be  considered.  For  freight  trains,  it  is  pretty  well 
established  that  for  any  giyen  central  angle  the  cost  of  opera- 
tion over  a  curve  is  practically  independent  of  the  degree  within 
ordinary  limits;  hence,  for  railroads  that  are  essentially  freight 
lines,  with  perhaps  one  slow  passenger  train  each  way  per  day, 
it  would  seem  impossible  to  justify  any  considerable  expendi- 
ture in  order  to  reduce  the  degree  of  curve  below  that  fixed  by 
the  character  of  the  rolling  stock. 


P.\RT  C 
SPECIAL  PROBLEMS  IN   RAILWAY  LOCATION 


CHAPTER  XVin 

LINE  CHANGES  AND  GRADE  REDUCTION 

Introduction.  As  recited  in  a  provioas  chapter,  the  railroads 
3f  the  United  States  to  a  very  Rrcat  extent  were  buill  piceeine.al 
us  Htniill  independent  rural  enterprises  and  were  to  a  great  extent 
improperly  designed  and  do  not  adequately  serve  the  needs  of 
the  trtii!ic  they  are  now  required  to  carry  for  one  or  more  of  aeverai 
reiuions : 

(a)  They  were  located  by  county  surveyors  or  others  who 
lm<l  very  little  skill  even  in  the  art  of  surveying  and  certainly 
possessed  no  conreptinn  of  the  larger  economic  phases  of  location. 

{h)  Hincu  their  first  location,  thcst"  sinall  local  n)ad.s  hnve 
lieen  interconnected  and  joined  to  longer  and  stronger  railro:u]« 
to  form  preat  systems.  In  this  way,  some  of  the  small  roads 
have  been  made  iiii|)ortant  links  in  such  systems  and  ai-e  required 
to  carry  a  tTaffic  for  which  they  were  not  designeil,  if,  indeed, 
they  were  ever  designed  for  any  particular  traffic  conditions. 

(r)  Sources  of  trafrie  luivi:  changed  in  such  a  way  as  to  throw 
heavier  traffic  over  formerly  unimportant  lines.  Agricultural 
regions  that  were  formerly  wa.Me  or  grazing  lands  have  becromo 
very  productive.  The  development  of  coal  mining  and  of  manu- 
faetuiing  industries  has  frequently  brought  unexpected  traffic 
to  a  nillrojid. 

(d)  The  building  of  connecting  lines  that  result  in  a  new 
routing  uf  traffic  has  caused  the  e.\istuig  plant  to  become  inade- 
quate in  S4>veral  irir^lancres. 

For  these  and  other  reasons  it  frequently  beeomes  desirable 
to  reviac  the  alignment,  ur  tlic  gtades,  or  both,  over  a  given 
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stretch  of  railroad  in  order  to  meet  economically  the  newly 
impoficd  couditions  of  traffic.  In  cortain  respects,  linn  revwiou 
differs  from  new  lonalion  .and  it  is  (lecmed  desirable  to  call 
attention  to  these  differences  and  to  other  matters  that  are  more 
or  less  |>ecuUar  to  this  sort  uf  work  iu  a  separate;  (chapter.  Line 
improvcnient  and  Rrade  reduction  are  so  commonly  undertaken 
together  and  arc  otherwise  so  closely  related  that  it  is  imprac- 
ticable to  treat  the  two  subjects  separately. 

It  is  very  important  that  sufficient  study  be  devoted  to 
any  proposed  improvement  to  ascertain  as  accurately  as  possible 
the  eJTect  of  auch  proptist'd  charige-s.  *'  Penny  wi.st*  and  pcnind 
foolish  "  is  the  policy  that  stints  the  expenditure  for  such  studies 
when  they  are  to  control  the  expenditure  of  thousands,  if  not 
millions,  of  dollars.  The  primary  aim  of  an  improvement  is  to 
decrease  the  operating  expenses,  and  in  some  instances  to  increase 
operating  revenues,  and  the  conditions  should  be  studitnl  in 
sufficient  detail  that  the  effect  of  the  improvement  can  be  pre- 
dicted within  a  comparatively  small  perccntjige  of  accuracy. 
Moreover,  the  investigation  sljould  not  be  made  piecemeal,  but 
rather  a  comprehensive  study  sliould  be  made  of  the  relation  of 
the  pnipofMHl  improvement  to  any  possible  future  improvement 
elsewhere  along  the  lino. 

Naturally  those  stretches  of  railroad  consisting  of  long  gra- 
dients, as  in  pasHiiig  over  mountain  rangfis,  are  not  subject  to 
radical  iuiprovement  in  line  and  grade  as  a  general  rule,  but 
railroads  traversing  undulating  territory  arc  most  susceptible 
of  such  improvement. 

Accounting.  While,  at  first  it  may  scftm  extraneous  to  the 
engineer's  problem  to  conr<ider  the  accounting  system  involved 
in  any  improvement,  as  a  mutter  of  fact  it  is  very  imi>ortant  that 
the  engineer  keep  in  mind  the  essential  features  of  the  accounts 
to  which  the  expenditures  for  improvements  arc  charged.  The 
Interstate  Commerce  Commission  has  formulated  a  uniform 
accounting  system  that  is  followed  by  all  railways  subject  to  its 
jurisdiction,  and  a  part  of  this  system  provides  for  "  Additions 
Bettermenl«,"  as  mentioned  on  p.  95. 

Although  nmch  of  the  projMjrty  value  of  a  railroad  consists  of 
intangible  values,  such  as  rights,  franchises,  etc.,  yet  the  physical 
properties  constitute  the  only  items  that  can  Ik  enumerated 
as  accounts  to  which  debits  and  credits  can  be  charged  in  terms 
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vi  universal  iisapie.  The  phyHical  property  of  a  railroad  which 
tiiitPtl  itf  assois  ponsfitutea  the  fixe*!  plant.  The  fixed  plant  is' 
lilt  snpiK>sedly  at  one  time  from  the  sale  of  securitita"  and  is 
miod  to  represent  a  dt-finit*!  whole,  and  when  the  construction 
arcoimt  ia  closed,  it  is  usually  not  reopened,  except  under  ex- 
traordinary rircumstances.  This  fixed  plant  is  supposed  to  be 
ntaiiitaincd  at  its  oriKinal  state  by  replacements,  and  from  time 
in  time  iuiprovenients  are  niade  that  in  reality  augment  the  fixed 
plant.  For  example,  where  75-lb.  rail  i«  replaced  with  90-lb.,, 
rail,  there  ia  a  distinct  betterment  in  the  existing  plant,  whi< 
simuid  Ix-  added  to  the  total  investment.  The  disliuctior 
between  these  terms  is  made  clear  by  Mr.  Walter  G.  Berg,* 
follows: 

"  The   term   '  improvement  '   should    repn^Bcnt   all   exixaise* 
which  create  a  specific,  permanent  physical  improvement,  tone 
jng  to  increase  the  value  of  the  railway  pi-o[>erty  as  a  whole, 
(he  form  of  a  betterment  or  an  atldiltan  to  the  property,  aul 
divided  into  two  groups,  accoi-ding  to  the  following  rules: 

"'Betterments'  to  consist  of  any  permanent  bcttemienta 
to  the  existing  pniiH'rly  and  fatilities,  constituting  an  actual, 
distinct,  pa^itive,  |K.'rmanent,  phywical  improvement,  tendli 
lo  inerciise  the  value  of  the  railway  pr()p*^rty  as  a  whole;  th« 
charge  to  cover  in  all  cases  only  the  difference  in  costs  of  the  new 
improved  structure  or  facility  and  estimated  cost  of  replacing  tl 
did  unimproved  stiueture  or  facility.  The  term  '  betterments 
to  upply  in  general  to  wf)rk  such  as  replacing  bridges  with  a  more 

t-K '^'"if    character    of    niateriali<,    strengthening    bridges    fotj 

1,  ti«ading,  R'buiMing  buildings,  structures,  auxiUaiy  a| 

M^tnccs  and  facilities  of  various  kinds  on  a  larger  scale  and  with 
•%  better  class  of  materials,  in(-r(^<lsc  of  track  mileage  due  to 
ll}Viknfrii)<'»l  and  lemodeling  of  existing  yardn  and  track  layout 
fume  killasting,  etc.,  provided  the  work  in  question  does  m 
^m^k  mcn'Jy  of  cxtensivo  rc>modeling  and  changing  of  exisiinf 
lljllHlyir  prwiuring  no  visible  extension  or  iniixirtant  enlargement 
.    i«A  Ucilitics. 

■^     '  •■  ns'  to  consist  of  any  (x^rmancnt  addition  lo  th< 
^.^^  ty  and  facilities,  constituting  a  distinct,  separat«(^ 

;it,    physical    improvement,    tending   to   incrcaiie 
,   :uf  rwlroad  properly  as  a  whole,  such  as  a  new  road- 
•  Pror.  Am.  Ry.  Enjj.  Awi.,  1904. 
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bed,  tracks,  bridges,  buildings,  structures,  or  any  auxiliary  ap- 
pUanoes  aiid  fixtures,  etc.;  provided  mich  addition  or  improve* 
ment  is  not  in  the  nature  of  ropairing,  renewing,  replacing, 
changing,  or  remodeling  any  existing  facility." 

This  is  essentially  the  vikw  of  improvements  adopted  by  the 
Intpfstate  Commerce  Commission  and  to  provide  for  the  items 
that  come  under  this  classification,  the  t^iniporarj'  or  continuing 
account,  "  Additions  and  Bettorments,"  is  provided,  which  at 
the  end  of  the  fiscal  year,  or  at  other  convenient  times,  is  cbai^;ed 
into  the  regular  capital  construction  accounts  of  "  Expendituree 
for  Road  and  Kquipmcnt." 

If  an  improvement  is  charged  to  Additions  and  Bett<irmenl«, 
therefore,  it  is  virtually  a  capital  account  charge,  and  would 
serve  with  other  investment  accounts  as  a  basis  of  capital  charges 
of  interest  or  dividends,  and  has  an  entirely  different  asi»ect  from 
that  of  charging  it  tn  openiting  expenses.  In  Case  No.  21,* 
decided  by  the  Interstate  Commerce  Commission,  that  body 
stated  that  changes  in  grHtie  and  alignment  aceoinplished  by  con- 
structing a  cut-off  and  abandoning  the  existing  line  sliould  be 
charged  chiefiy  to  operating  expenses,  the  exact  rule  Iwing  as 
follows:  '*  Tho  difference  I)etween  the  cost  of  the  new  Une 
and  the  cost  of  replacing  in  kind  the  line  abandoned,  exclusive 
of  right  of  way,  sliould  Iw  cimrged  to  account  No.  5,  '  Grade 
Revisions  and  Changes  in  Line,'  aa  provided  in  the  Classification 
of  Kxpt-nditures  for  Additions  and  Uettcrments."  The  bulk 
of  the  expenditure  for  such  a  cutoff  would  naturally  be  involved 
in  constructing  the  new  line  similar  to  the  old,  which  amount 
would  be  diarged  looi>cmting  ex|wnscs,  according  to  this  decision. 
Where  the  major  portion  of  the  cost  of  a  new  cut-off  must  be 
thus  chargwl  to  ojMTating  expenses,  it  is  usually  difficult  to 
demonstrate  that  the  proposed  improvement  will  accomplisb 
any  decrease  in  operating  cxpenseit.  Railway  directors  may  be 
loath  to  make  expenditures  for  line  and  grade  revision  where 
such  exi>euditure  must  be  paid  for  out  of  current  expenses  and 
not  become  a  fixed  investment  and  subject  to  interest  and  divi- 
dends on  the  same  basis  as  the  itriginal  investment. 

The  Interstate  Commerce  Commission  classiticatiou  of  Ad- 
ditions and  Bettermi'nts  pntvides  35  accounts  as  follows: 

*  Circular  No.  13,  Int.  State  Com.  CommiasioQ. 
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Riglit  of  way  and  stfttion  grounds. 

Real  estate. 

WidenioK  cuts  and  fills. 

Protection  of  hftiiks  nnd  drninape. 

Grade  rediiclioiiH  and  changes  of  line. 

Tunnel  improvements. 

Bridges,  trestles  and  culverts. 

Increa.'wd  weight  of  rail. 

Improve<:l  frogs  and  switches. 

Track  fastenings  and  appurtenaacei. 

Ballast. 

Additiuiial  niiiiii  tnu-ks. 

Siding>  luid  spur  tracks. 

Teniiinal  yards. 

Fencing  right  of  wiiy. 

Improvement  of  crossings  under  or  over  grade. 

Kliminntion  of  grnde  rro^ssings. 

Interloekiii^  apparatus. 

Block  and  other  signiil  iipparatiig. 

Telegraph  nnd  telephone  lines. 

Station  buildings  and  fixtures. 

Roadway  machinery  and  l^ols. 

Shops,  cnginehou.<4es  and  iurntAbles, 

Shop  machinery  and  tools. 

Water  and  fuel  stations. 

Grain  elevators  and  storage  warehouses. 

Dock  and  wharf  property. 

Electric  light  and  jHtwer  plants. 

Electric  power  transmission. 

Ga-'i  producing  plant8. 

Snuw  and  Hand  fences  and  snuw  sheds, 

Ree^natruction  of  mad  purchased. 

Equipment. 

Interest  and  commissioDs. 

Other  additions  and  betterments. 


Reducing  Curvature.  In  a  previous  chapter  the  cost  of  cur- 
vature anfl  the  cconontics  of  nnninii/.ing  the  cur%"ature  in  rail- 
way location  were  discueBcd.  The  problem  im  related  to  line 
revision  differs  from  that  involved  in  new  location  in  that  iu 
the  former  eaw  the  aniuunl  and  charaeter  of  the  traffic  at-Q  not 
matters  of  eoujeetuie,  but  are  capable  of  exuirt  deteniiiimlion 
from  the  traffic  records  of  the  railroad.    In  some  instAuoes, 
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however,  the  iraprovemeiit  may  increase  the  amount  of  trafiio 
somewhat  by  affording  more  ftttractivc  Bhippiog  facilities.  The 
principles  involved  in  delerniiuing  tlic  eeononiic  amount  and 
degree  of  eur\'ature  for  line  revision  are  the  same  as  Iiefore 
explained  and  need  not  be  further  discussed  in  this  connection. 

Spiraling  Curves.  The  early  railruads  wt-re  laiil  out  sming 
circular  curves  without  easemejits  to  join  the  tangents,  and 
these  were  later  eased  off  by  the  trackmen  by  throwing  the 
P.  C.  inward.  This  practice,  however,  almost  invariably  made 
the  curves  sharp  at  the  junction  of  the  improvised  easement 
with  the  simple  curve  and  caused  hard  riding  of  the  engines. 
The  author  has  8pirale<l  4"  and  4"  31)'  curves  that  had  bee-n 
treated  in  this  manner  which  at  the  junction  of  the  track- 
man's "casement  "  and  the  circular  cun'c  exceeded  20*"  curve 
for  25  to  50  ft.  Hi^  well  rememliers  the  di^^paraging  state- 
ment of  an  experienced  engineer  with  whom  ho  was  associated 
in  his  early  professional  life,  to  the  effect  tliat  a  section  foreman 
with  a  good  eye  rould  run  a  U'tter  easement  curve  tlian  a  traii- 
eitman  could  with  an  instnunent,  a  statement  that  indicated 
ignoran<H!  of  the  transition  spiral,  for  the  merits  of  the  ease- 
ment spiral  have  Ix-en  well  demnn.'rt rated. 

In  spiraling  curves  on  track  realignment,  usually  no  records 
are  available  as  to  the  elements  of  the  curve  or  as  to  the  loca- 
tion of  the  P.  C.  of  the  cur\*e,  and  the  engtne(?r  must  rely  entirely 
upon  his  own  obser\'ations  made  in  the  field.  A  somewhat 
more  rapid  rate  of  attaining  superelevation  than  indicalA^l  on 
p.  433  may  be  utilized  to  advantage  in  some  rases  l)y  compromis- 
ing between  easy  riding  and  cost  of  realignment.  I'he  object 
is  ordinarily  to  chooee  a  spiral  that  will  require  the  track  to 
be  thrown  a  minimum  distance  in  order  that  it  may  remain 
as  near  tlie  middle  of  the  roadlwd  aa  possible.  There  are  two 
general  methods  of  procedure  for  inserting  spirals  given  by 
Prof.  A.  N.  Talbot  in  his  book  on  the  Transition  .Spiral: 

1.  By  adopting  a  larger  degree  for  the  circular  curve  and 
throwing  the  ends  inward  and  the  middle  portion  outward,  thus 
affording  the  proper  offset  for  the  spiral.  This  method  is  used 
chiefly  for  comparatively  short  curves.  In  thia  method,  the 
entire  curve  is  sliifted,  and  the  available  space  on  the  roadbed, 
the  Intersection  angle  and  the  degree  of  curve  will  affect  the 
obaractcr  of  spiral  that  can  ))e  obtained.     In  nmning  in  the 
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spiral,  the  results  may  he  tested  to  advantage  by  plotting  up 
the  inihrows  and  the  ouitkrowx  nefessary  to  bring  the  track  to 
the  new  nliftnmcnt,  the  former  being  plotted  on  one  side  of  a 
base  line  and  the  latter  on  the  other,  the  distance  along  the 
track  bein^  taken  us  abseisaai^.  If  as  much  of  the  re^sulliug 
graph  lies  on  one  side  as  on  the  other,  the  throws  balance  and 
the  trark  can  easily  be  thrown  to  place. 

2.  By  conipoun(iinK  the  ends  of  the  existing  curve  with 
curves  of  shorter  radius,  thus  obtaining  the  necessar}'  offset  for 
the  spiral.  This  method  is  applicable  especially  to  curves  of 
considerable  length.  The  distance  that  the  P.  C.  will  have  to 
be  thrown  in  will  \w.  one-half  tlip  offset,  and  since  this  distance 
represenla  the  ordinate  between  the  original  and  the  sharper 
curves,  the  central  angle  necessary  to  give  this  required  dis- 
tance can  be  readily  calc-ulated. 

For  the  most  L-onvenient  method  of  procedure  in  spiraling 
existing  curves,  the  reader  is  referred  to  Prof.  Talbot's  book 
on  "  The  Transition  Rpind." 

Cut-offs.  While  many  railroad  alignments  may  be  open  to 
improvement  by  spiraling  and  ctherwirie  realigning  (he  track  on 
the  existing  roadbed,  or  with  hut  Hltte  change  in  the  position 
of  the  center  line,  radical  iniprovenicnl  usually  comes  from  a 
more  extensive  sliifting  of  the  location  involving  a  bolder  attack- 
ing of  the  topography  than  was  justified  in  the  original  loi'ation. 
This  is  accomplished  by  means  tif  what  is  commonly  termed  a 
cuiroff,  which,  by  means  of  going  a  more  direct  route  aiid  by  the 
use  of  tunnels,  oxlensive  bridging,  heavy  grading,  or  other  device, 
usually  shortens  the  total  distance  and  at  the  sJtnie  time  decreases 
the  ruling  gradient  and  eliminates  curvature. 

While  the  conditions  of  any  one  cut-off  project  are  seldom 
very  similar  to  those  of  another,  yet  r-ertain  general  features 
may  be  mentioned  that  arc  worthy  of  consideration  in  this 
connection.  P'rom  the  general  character  of  the  construction 
involved,  four  tj-pes  of  cut^iff.^  for  improving  alignment  and 
grade  may  be  recognized,  viz. : 

1.  Tunnel  cut-offs. 

2.  Summit  cutoffs. 

3.  Bridge  cut-offs. 

4.  Crfis-s  drainage  cut-offs. 
These  will  be  briefly  described  and  illustrated  with  examples. 
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Tunnel  Cvtrojfst.  This  type  of  cut-off  may  be  imdfrtakcii 
to  improve  a  line  timt  makes  a  lung  di'tour  around  a  ridge  or 
range  of  hills,  by  cutiinfi  through  (he  ridge  l)y  means  of  a  tunnel. 
It  may  happen,  of  courw,  that  a  prnpowd  shortening  of  the  line 
by  (his  method  will  luididy  increase'  tlic  nding  gradient  where 
the  detour  has  heen  made  in  .stirmomiling  ihc  sunnnit,  in  which 
case  all  advnnt:ig«!  from  shorter  distance  and  dhuinishcd  ciuT,*a- 
turc  would  be  lost,  and  hence  the  undertaking  would  not  be 
permis^^ible. 

Fig.  46  ilhistratew  an  example  of  tunnel  cut-off  that  was  con- 
structed on  the  Allegheny  divisiou  of  lite  Pennsylvania  R,  R.* 
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Fio.  -16.— Tunnul  Cut-off  ou  tliv  Pcmwylvunuv  R.R. 


about  30  mileg  north  of  Pittflburg.  TT>e  original  road  was  con- 
strueted  about  the  middle  t»f  the  Inst  century,  when  the  necessity 
for  cheaper  construction  resulted  in  a  hx'ation  following  closely 
the  windings  of  the  river.  The  traflic  at  tin-  lime  of  reeoiistruc- 
tion  consisted  of  five  passenger  (mins  and  an  average  of  25  freight 
trains  each  way  per  day.  *I'he  Easi  Brady  tunnel  shortens 
the  tine  5.;^6  miles  and  eliminates  3tM  degi-«-M  of  curvature.  Tho 
middle  portion  of  the  tuiniel  consists  f>f  23(t3  ft.  of  3"  10'  curve, 
and  Ihc  I'lid  portions  of  4°  cur%'e8,  one  431)  and  the  other  560  ft. 
long. 

Fig.  47t  further  illustrates  this  class  of  line  revision,  being 
a  cutH)£f  that  was  made  uu  the  Kanawha  and  Michigan  R.  R. 

•Raitwav  Age  Gaielte,  Sept.  10,  lOlfi. 
^  Enginierii.f  A'ouv,  Jun.  7,  1909. 
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near  Lanj^flville,  Ohio,  whioh  was  rendered  desirable  because  of 
the  iDcrcascd  traffic  over  the  rood,  due  especially  to  heavy  coal 
haulage.  The  original  lim;  contained  curvfs  a»  sharp  as  8°  43'; 
the  revised  alignment  has  a  maximum  of  3*^  curve  aud  a  maxi- 
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Pio.  47. — Tunnel  Cut-off  on  Kanawlui  &  Michigan  R,  R. 


mum  gradient  against  northbound  traffic  of  0.3  per  cent  and 
0.6  per  cent  agairmt  southbound  IraRic. 

Fig.  48  is  a  ski^trh  of  (he  Mjignolia  cut-off  of  the  Baltimore 
and  Ohio  R.  R.,  which  iiicluded  some  very  heavy  cartliwork  and 
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Via.  -IS.— Magnolia  Cut-oH  on  tho  Baltimore  4  Ohio  R.  R. 


cost  aliottt  $0,000,000.  or  WOO.OOO  per  milo.  It  saves  5.9.5 
miles  iit  dislmici'  fintl  877  ilcgriH's  of  ciirviiturn;  reduces  maxi- 
mum Knuliout  against  the  hca\-y  eafttlwumi  traffic  from  0.5 
to  0.1  |)cr  rent,  eliminates  one  helper  grade  2.8  miles  long,  thereby 
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releasing  two  pusher  enf;inr.s.     Four  tunnels  and  two  additional 
river  crossings  were  required. 

Summii  Cu(-oJfi?.  Sometimes  in  crossing  a  ridge  of  hills  or 
niouiiUiins,  a  nli^ht  drtour  ujlh  a  tuniiit>l  or  deep  cut  through 
the  crest  of  the  range  may  shorten  the  line  and  at  the  some 
time  <lcerea30  the  gradiLiit.  Fip;.  49  is  a  map  of  tlic  Rogers 
Pass  n'aligniiKMJt  on  tlu'  Ciinadian  Pacific  Railway,  where  a 
detour  up  Beaver  River  and  a  tunnel  26,400  ft.  long  greatly 
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Fio.  40. — Hogcrs  Piuh  Summit  Cut-off  on  ('aiudlaD  PaciSn  Ry. 

reducefl  the  length  of  thn  2.2  per  cent  grade  and  at  the  same 
time  avoided  the  extended  use  of  snow  sheds.  Fig.  50  shows 
the  Hununit  cut-off  of  the  Delaware,  Laekawanna  and  WcMern 
R.  R.  from  Halt^leil  to  Clark's  Summii.  In  searching  for  the 
5t  route  in  this  case,  over  300  miles  of  preliminary  lines  were 
""run,  the  surveys  extending  over  a  period  of  alM)ut  Ihre*-  year."?. 
The  improvement  involved  cuts  as  ileep  as  114  and  115  ft., 
and  fills  as  high  as  120  and  142  ft.  at  ntaxinmm  poinU.  The 
Tunkhannm-k  viaduct  of  reinforced  concrete  in  about  one-half 
mile  long,  and  consists  of  ten  180-ft.  and  two  100-ft.  arches,  and 
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has  a  maximum  height  of  240  ft.     The  results  accomplished  are 
aa  follows: 


- 

Old. 

New. 

EHs^rvnoe. 

Length  of  lino,  mil** ,      .          .- 

Maximum  Brade,  K.  B.,  per  cent. . .  . 
W.  B.,  per  cent. . . 
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1.23 
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Fia.  SO. — KtimmJt  Cut-off  on  the  Lnrkan-anna  R,Il. 

Bridge  Cut-offs.  This  class  of  line  revision  is  possible  chiefly 
in  the  ease  of  a  location  following  the  »inuasitieR  of  a  6t  renin 
in  a  rolling  country,  and  c«n?i.sti«  of  i.-ultine  diret'tly  across  the 
ben<ia  of  the  river  and  the  intervening  hills,  using  bridges  for 
crossing  the  stream  wherever  necessary.  Fig.  51  shows  a  re- 
vision in  the  nlignnient  of  the  Penn8\"lvnnitt  R.  K,  by  which 
4700  ft.  of  distancf  was  saved,  many  sharp  curves  wctc  avoi<k'd 
and  49-1  tlegrn'tt  total  curvatun*  eUminated.  It  involved  four 
additional  bri<lges  across  the  Little  Conenmugh  Kiver  and  sotru; 
heavy  earthwork  grading,  the  deepest  cut*  being  105,  106  and 
120  fl.  dorp. 

Cross  Draintiye  Cut-offs.  Most  railways  have  iKvn  located 
originally  to  follow  the  natural  drainage  pretty  closely,  either 
on  the  wattr  sheds  or  in  the  valleys.  Many,  however,  have 
been  constructed  across  the  drainage  and  in  most  cases  wore 
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compelled  by  the  demands  of  economy  to  follow  the  undulations 
of  the  topography  traversed  and  to  keep  alonn  the  K^adc  contour 
for  the  most  part,  wiiKiing  in  and  nut  of  viilloy.s  and  around 
the  ends  of  ridges,  Tiiis  defect  is  being  remedied  now  on  several 
of  such  lines  by  abandoning  the  sinuosities  of  the  existing  line 
and  Iwldly  striking  across  the  drainage,,  constructing  whatever 
fills  and  cuts  that  are  rendered  necessarj'.  The  following  examples 
illustrate  this  type  of  improvement: 
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Fio.  61. — Bridge  Cut-off  on  the  Pennsylvaam  H.  R. 


On  the  Erie  R.  R.,  on  the  line  between  Cambridge  Springs 
and  Union  City,  a  portion  of  a  longer  relocation,  a  marked 
grade  reduction  and  general  Une  improvement  was  secured  by 
a  cross  drainage  cut-off.  The  old  castbound  grade  was  1.0 
per  cent  and  the  westbound  grade  was  0.9  per  cent.  These  were 
reduced  to  0.2  and  0.3  per  cent  respectively.  The  old  casttwund 
gradient  limited  the  rating  of  a  lG9-toii  consolidation  locomo- 
tive to  1400  tons,  but  the  new  gradient  allows  this  to  be  increased 
to  4300  tons;  in  a  like  manner,  the  rating  on  westbound  traffic 
was  increased  from  lOW  to  430(J  tons. 

A  similar  project  is  exemplified  in  the  relocation  of  the 
Chicago,  Milw:iuk<'e  and  St.  Paul  R,  R.  across  Iowa,  by  which 
the  ruling  grtulieiits  of  0.67  and  1.0  per  cent  were  reduced  to 
0.5  on  two  divisions  and  0.66  per  cent  on  the  middle  division. 
Over  1000  ft.  of  rise  and  fall  were  eliminated;  4°  and  6"  curves 
were  reduced  to  l**  30'  cun-es;  3230  degrees  of  central  angle 
of  cur\-aturc  were  avoided;  and  the  length  of  the  hne  reduced 
from  275.7  miles  (o  271.0  miles. 

The  traffic  consists  of  abput  8  passenger  trains  each  w^ 
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per  (lay  with  oxtra  poptiona  3  or  4  days  per  week,  and  aboul  15 
freijiht  trains.  t-urryiriK  ITt.OOO  toiiH,  riich  way  (mt  day.  The 
division!*  involvt'd  <'cnist.ilulp  u  portion  of  the  main  hne  from 
('hicago  lo  Oniaha,  and  in  addition  to  the  local  tiaflie  aloriK  the 
line,  ciirrif's  a  thrtju^h  jHiKKcng4'r  siTvicre  and  thn)ugh  freight 
service  in  conncdinn  with  the  Union  Pacific  R.  R.,  with  which 
it  connects  at  Omaha  and  Council  BtufTs.  On  the  old  grades, 
tlui  he-»viest  275,000-ll>.   Mikado  engim;  willi  a  tractive  effort 
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Fio.  52. — Cut-oft  nn  ('.,  M.  &  St.  P.  Ry.  near  Deft  Moinee,  Iowa, 

of  50,(i00  Wm.  could  pull  alwut  2I(X)  tons,  anil  under  the  new 
grade  conditions  it  can  pull  about  2950  tons.  The  total  cost 
of  the  improvement .  inrludlnK  double  tracking,  was  about 
$18,000,000.  Fig.  52  shows  the  character  of  the  work  at  the 
crossing  of  the  Dcs  Moines  River. 

The  resull.s  of  (his  work  arc  summarized  below: 

UttADB  RKV181UN,  C.  M.  ft  AT.   P.   RY. 
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Fig.  53*  is  a  map  of  the  cut-off  on  the  Norfolk  and  Western 
R.  R.  between  Paniplin  and  Burkcvillo.  a  distance  of  37  miles, 
by  which  thn  last  pushnr  pnide  on  the  linr  waa  elitniniitrd  and 
(ho  ruling  gradient  reduced  to  0.1  per  cent  against  the  heavy 
eastbound  traffic.  It  avoids  the  drop  to  the  Appomattox  River 
and  follun'»  thr  watiir  ahed  thronRh  ratlirr  heavy  rolling  country. 
The  new  line  ih  to  he  iis<-*l  as  a  single  track  for  eastbound  coal 
business,  the  old  line  being  retained  for  passenger  traffic. 


N£W  LINE  PROFILE 

Fw.  63.— CroBB  Draiiiago  CutHjff  on  the  Norfolk  and  Wettterti  Ry. 

Tbe  Economical  Grade.  The  economical  grade  is  the  grade 
up  which  the  traffic  can  l>c  hauled  at  a  minimum  total  cost  so 
far  as  the  cost  is  inlhu^nced  by  the  grade.  This  minimum  cost 
will  be  secured  when  the  fixed  chargta  on  the  investment  used 
in  reducing  the  grade  and  the  operating  expenses  are  made  the 
least  possible.  See  Fig.  101  for  graphical  illustration  of  this 
principle.  A  great  deal  of  iiifTeren(.*e  of  opinion  exista  as  to 
when  the  econoiniral  grade  is  reached  for  aiiy  given  conditions. 
When  the  grade  is  very  low  in  rate,  it  is  necessary  to  load  the 
tniinK  ver>'  heavy  in  order  to  n-aliac  the  advantage  of  Uie  low 
gradient,  hence  the  time  of  travel  of  the  freiglit  trains  is  in- 
creased, owing  to  the  slower  speed  over  the  whole  line,  and 
■  RaUimv  Age  Gatdtc,  April  19,  1916. 
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with  the  slower  speed,  the  operating  expenses  increase.  The 
grade  probably  cannot  I»  reduced  economically  to  euch  an 
extent  that  the  economic  speed  cannot  bo  maintained  between 
^stations  (»oe  Chapter  XII).  Moreover,  the  relative  speeds  on 
the  nilinK  grade  and  on  the  level  should  be  taken  into  considera- 
tion. The  limit  of  reduction  of  ruling  grade  should  be  such 
that  the  locomotive  will  be  able  to  haul  the  heaviest  train  up 
this  grade  at  the  minimum  permissible  speed  that  it  can  haul 
on  the  level  at  the  maximum  ponnissible  speed.  For  example, 
if  the  locomotives  used  can  haul  their  trains  at  a  speed  of  10 
M.P.II.  up  the  ruling  gratle  of  1.0  per  cent  and  at  40  M.P.H. 
on  thf  level  when  Ihe  maximum  iH'rmissible  S[)eRd  is  only  30 
M.P.H. ,  then  the  grade  should  be  rerluced  so  that  the  load  may 
be  increased  to  the  capacity  of  the  locomotive  at  30  M.P.H.  on 
the  level.  It  is  obviou.s  from  the  above  that  the  e<'onomical 
rate  of  grade  depends  upon  the  chai-acteristics  of  the  motive 
power  aiid  on  the  average  weight  of  cars  hauled.  The  general 
practice,  eveji  on  very  busy  Hnea,  has  l>een  to  accept  a  gradient 
of  not  below  0.2  to  0.4  per  cent  against  heavy  traffic  in  ea^ 
country  and  0.4  (o  O.G  per  cent  in  more  difficult  regions.  It 
is  frequently  assume*!  that  a  locomotive  will  haul  up  a  0.3  per 
cent  grade  any  train  that  it  will  start  on  the  level.  Assuming 
a  train  resistanre  of  6  Um.  [»er  ton,  th»  total  reflistance  on 
this  grade  would  he  12  lbs.  per  ton,  or  about  equal  to  starting 
resistance.  While  actual  starting  rcaist&ncc  of  a  single  car 
when  the  bonrings  arc  cold  may  Iw  even  grrater  than  this  figure, 
owing  to  U»e  advantage  obtained  from  the  slack  in  Uie  train  by 
means  of  which  the  front  cars  are  set  in  motion  when  those 
bchiiwl  an'  U'lng  started,  starting  friction  may  l)e  taken  as  low 
as  12  Ibn.,  and  in  some  cases  as  low  as  lU  n>s.,  making  the 
proper  gmdo  0.3  pt>r  cent.  Of  course,  each  case  has  to  be 
decidtn)  on  its  merits  in  ncconlauce  with  the  traffic  and  topo^ 
Srupliie  iH«idili(>ns  eneounten'4l. 

TlflM  Blttmant  in  Grade  Reduction.  The  tune  of  operation 
over  graded  and  the  time  rc(|uirr*l  fur  trains  to  pass  between 
jtradM  art"  ituiMtrtaut  i^tnr^iiierations.  Fretiueutly  a  rearrange- 
ment of  Mdinit*  on  n  itiugle^lmck  road  with  special  reference* 
to  the  ui'tiud  lime  M-hnhile  of  lnuiu<  will  tnateriully  ituproi'e 
uiKTuting  ii>nditiunH.  As  tntinmteil  in  a  previous  paragraph, 
tbv  hwvy  Uftin  UiaiU  that  arc  essential  to  the  realix&Uoa  ot  (he 
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full  benefit  of  low  grades  may  cause  the  average  spetnl  to  be  so 
low,  or  in  other  words,  the  total  time  over  the  division  to  be 
so  groat  OS  to  nullify  the  advantages  to  a  large  extent  of  the 
low  gradients.  Li  an  article  in  the  ProcetdiiiKS  of  the  American 
Itailway  Engineering  Association,  1908,  Mr.  A.  K.  Shurtleff 
points  out  the  iniportant-e  of  considering  time  as  an  element 
in  grade  reduction  problems,  tirades  arc  reduced  with  a  view 
to  increasing  the  tonnage  rating  of  locomotives.  If  the  loads 
are  increase<l,  the  speed  will  necessarily  he  slower  than  l»eforc 
over  the  level  or  light-grade  portions  of  the  track,  provided 
no  besvier  power  is  employed,  and  as  a  conseciuence  the  total 
running  time  be  increased,  and  if  the  operating  condition.s  will 
not  permit  such  an  ineri'ase  in  lime,  a  negative  advantage  may 
remilt  from  the  decrease  in  gratlc.  The  lower  grade  line,  of 
course,  would  make  the  use  of  heavier  power  economi<ral.  Mr. 
Shurtleff  eHtiniales  the  lime  reipiired  for  a  train  with  maxi- 
mum loading  for  a  0.5  per  cent  grade  and  one  loaded  for  a  0.3 
jHT  cent  grade,  and  shows  that  under  rather  extreme  conditions 
the  time  required  to  i>aas  over  the  division  of  120  miles  length 
might  be  1.75  liours  longer  for  the  second  train  than  for  the 
first.  Such  a  disadvantage  would  largely  offset  the  advantages 
of  the  heavier  train  lojul  secured  by  the  lower  gratlient. 

Electrification  vs.  Grade  Reduction.  Owing  to  the  heavy 
investment  or  initial  cost  of  installation  in  elect riGcation,  tt 
lias  not  been  prove*!  economical  over  ordinarj*  roads  with  com- 
paratively hght  tralt'e  and  light  gradients,  but  where  the  grades 
are  beAvy  and  the  Iniffic  dense,  so  that  the  capacity  of  the 
power  stations  can  Ijc  utibzed  at  approximately  a  constant 
rate  all  the  time,  clectrifiejition  may  l)c  very  properly  considered 

an  alternative  of  grade  reduction  in  order  to  cheapen  the 
of  transi>ortation.  'Hie  two  schemes  have  similar  char- 
acteristics in  respect  to  the  eronomics  of  the  question,  namely, 
the  fixed  charges  are  increased  in  order  that  the  operating  ox- 
|)cnitca  may  U*  decreased.  Electric  locomotives  cost  altoiit  the 
same  or  somewhat  more  than  steant  locomotives,  while  the 
power  plant,  the  substations,  and  the  transmission  lines  add 
very  greatly  to  the  invirslmenl  costs.  The  advantagi-s  of  electri<'- 
operation  lie  in  the  economy  of  fuel  and  the  increased  capacity 
Of  the  power  unit^,  due  to  greater  speed,  fewer  delays,  and  longer 
rims  without  repairs.    The  ability  to  recover  a  portion  of  |mwer 


^^^P         lost  on  ilown  grades  by  geiioratiiig  currnul  Imck  uilo  the  line 
^^i              may  also  effect  some  economy  in  operation.     Heavy  traffic  is      ' 
^^^         the  condition  that  may  justify  either  grade  reduction  or  clec- 
^^^k        Irificution;  hence,  in  a  senae,  they  may  be  considered  as  alter- 
^^^B        natives  in  making  the  desired  improvement- 
^^^H             Ono  of  the  most   interesting  electrification   projects   made 
^^^1        over  heavy-grade  engine  districts  is  the  electrification  of  the 
^^^1         Chicago,  Milwaukee  and  St.  Paul  R.  H.  between  Harlowtown, 
^^V        Montana,   and  Avery,   Idaho,   a  distance  of   i'lU  miles.     The 
H^             traffic  is  not  extremely  heavy,  but  the  proximity  to  cheap  eletrtric 
H               power  (.536  cent  [>er  kilowatt   hour)  from  hydro-electric  plants 
^^^^        readily  pointed  to  the  possible  economies  by  means  o£  elcc-      j 
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^^^^K              Fig.  M.— Profile  of  Electrified  Line,  C,  M.  &  St.  P,  Ry. 

^^^1        trlGcation,  and  in  addition,  material  grade  reduction  was  tm- 
^^^1         practicable.     The  stretch  of  line  involved  consist*  of  four  en- 
^^H        gine   districts   and    passes   over   three  mountain  ranges.    The 
^^H        profile  in  Fig.  54  ahowa  the  grades  encountered.    The  electric 
^^^1        locomotives  selected  are  of  the  direct-current  tyi>e  capable  of 
^^^1         hauling  800-ton  passenger  trains  up  1.0  jmt  cent  gradeti  at  35 
^^H        M.P.H.,  and  the  freight   locomotives  are   capable   of  hauUng 
^^H        2500-ton  trains  up  the  same  grade  at   16  M.P.H.    Over  the 
^^^^        1.7  and  the  2.0   per  cent  grades  a  similar  locomotive  will  be 
^^B       used  as  a  pusher,    llic  pusher  locomotive  will  also  accompany 
^^^H        the  train  down  the  grudt^s  to  assist  in  liraking,  thereby  gcnerat- 
^^^B        ing  additional  energ>',  alx)ut  50  per  cent  of  the  total  energy  due 
^^H        to  the  grades  being  recoverable  in  this  manner.    Inasmuch  as 
^^^1         only  20.000  kilowatts  an^  available  from  tlie  power  plants,  care 
^^H        CD  the  part  of  the  train  dispatcher  must  l>e  exercised  to  avoid 
^^^^       having  all  the  trains  on  the  up  grade  at  the  same  time,  else  the 
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power  available  will  prove  insufficient.  By  properly  scheduling 
the  trains,  however,  some  can  be  descending  grades  while 
others  are  ascending,  thereby  making  a  more  nearly  constant 
draft  on  the  power.  Ultimately  the  intermediate  division  ter- 
minals are  to  be  practically  abandoned  and  the  entire  length 
operated  as  one  district. 


CHAPTER  XrX 
ELIMINATION  OF  GRADE  CROSSINGS 

Introduction.  In  recent  years  there  has  been  a  growing 
demand  for  the  eliimnutiuii  of  iiradc  croeaingB,  both  railway 
and  high^sTiy  rro8sinf0(,  and  in  niml  dii^tricts  as  well  ag  in  thp 
cities.  The  afdtntion  ha»  come  from  many  who  have  had  little 
appreciation  of  the  enoraioua  costs  involved  In  such  an  urniex- 
t&king,  and  because  of  this  lack  of  understandinfc  some  ha\*e 
urged  legislation  looking  to  the  abolishing  of  all  grade  crosaii^^ 
As  a  matter  of  fact,  it  is  difficult  to  justify,  from  an  economical 
point  of  view,  the  elimination  of  any  grade  crossing,  except, 
perhaps,  at  the  very  busiest  points.  In  trn  years,  the  Pennsyl- 
vania Railroad  expended  Stiti,OUO,000  in  the  elimination  of  a 
little  over  lUOO  crossings,  the  cost  averaging  about  $65,000 
each.  There  arc  about  13,000  grade  crossings  on  this  road,  and 
if  they  were  aboUshed  at,  say,  $50,000  each,  the  total  cost  would 
be  $650,000,000.  It  would  be  necessary  for  the  gross  earnings 
of  the  system  to  l>e  doubled  in  order  to  pay  the  fixed  charges 
on  this  sura,  and  not  even  the  most  enthusiastic  would  venture  to 
say  the  elimination  of  these  grade  crosings  would  materially 
increase  the  revenues  Moreover,  as  the  countn,'  de\'elope,  the 
number  of  gnule  crossings  increases  and  consequently  this  expense 
will  go  on  indefinitely. 

The  general  scope  of  grade  croasng  eliminatiou  may  be 
outlined  as  foUuH^: 


A.  Highway  crossings: 

1.  In  rural  districts: 

a.  Farm  crossings. 

b.  Public  highway  crosainge. 

2.  In  cities: 

o.  Street  elevation. 
6.  Track  elevation. 

c.  Track  depression. 
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^f  B.  Railway  crossings: 

^^^^  1.  Klrrtric  intrrurban. 

^^^V  2.  Strei^t  railway. 

V  3.  Stoam  railway. 

H  Tbe  total  cost  of  abolisthitq;  a  Krade  rro»<in|C  includes  not 

V  only  the  actual  cost  of  ronstnu'tion,  but  also  the  necessary 
expenditure  occasioned  hy  damafEcs  to  adjacent  property  and 
Utigatiuu  expenses  connerted  therewiih.  Grade  separation  in 
citieB  most  frequently  results  from  the  action  of  the  city  council 
requiring  tbe  same  and  not  from  a  study  of  the  actual  uc«ds  uf 
the  case.  However,  earh  caj^e  should  nxvive  a  carefiil  study  as 
to  traffic  conditions  and  the  cost  of  separation  treated  acconl- 
ingly. 

For  a  r6>um^  of  state  Ia«-H  |iertaining  to  grade  crossinKSy 
the  reader  is  referre*!  to  the  Procee<lings  of  the  .Vmerican  KaiU 
way  Engineering  Association  (Am.  Ry.  Eng.  and  Main,  of  Way 
Aasn.).  Vol.  II. 

Bcooomics  of  Grade  Separation.  So  long  as  a  highway  crosses 
a  raibood  at- grade,  the  railroad  is  put  to  some  axpetisc  to  prevent 
McideDts  occurring  at  the  rroesiiig  and  the  public  is  put  to 
mne  inconvenience  in  preventing  accidents,  and  both  suffer 
when  an  accident  orcurs-  The  interesta  are  therefore  mutual, 
andr  wherever  practicable,  the  expense  in  securing  safety  should 
be  shared  by  the  public  and  the  railroad.  So  long  as  the  pro- 
tection consists  of  a  croeang  sign,  a  bell,  a  moving  signal,  or  a 
watchman,  the  railroad  invariably  bears  the  e.Tpense.  but  when 
a  program  of  grade  separation  in  a  city  is  undertaken,  tbe  ex- 
pense is  frequently  shared  by  the  public,  as  it  should  be. 

TTie  advantage*)  of  grade  se|>aralion  are  chiefly  involved  in 
the  removal  of  the  clement  of  danger  to  those  crotsfiing  the  rail- 
road, although  the  removal  of  danger  to  the  public  reacts  to  the 
benefit  of  the  railroad  as  well.  Tbe  separation  of  grades  avoids 
the  maintenance  of  crossing  signs,  signals  or  watchmen,  and  the 
cooi  <tf  slow  orders  or  t^tops  at  )>usy  cro&^iings.  On  the  other 
hand,  it  involves  the  cost  of  building  and  maintaining  the  strue- 
tute  required  for  the  over  or  under  crossing.  The  ecoootnio 
advantages  of  a  grade  separation  can  seldom  be  shown  to  justi^* 
the  undertaking,  but  where  tbe  loss  of  human  life  is  likely  to 
result  frequently  from  a  grade  crossing,  considerations  of  hu- 
manity  require  that  the  grades  be  separated. 


392 


eLIMf5A'n05  OF  GBADE  080680198 


Cnuing  Accidents.  Higbway  rrossinee  are  a  prolific  sooroe 
of  accidenta  to  the  public.  Table  XL VII  sbom  that  about  thne- 
fourtfaa  of  the  penona  other  than  employees,  |hhi.ihj,i  hi,  or 
liffuii  RiPt  their  deaths  at  hi^way  croanngs.  Aa  will  be 
Aown  So  a  aoeoeedii^  para^rapfa,  the  pesaona  rmrring  a  rail- 
road are  uaoally  reapoomble  for  the  accident  thnmf^  their  own 
iWi^jgence,  but  rpgu^leas  of  this  fact,  all  should  be  done  that 

poanblc  tf>  prcvf!nt  such  accidents,  and  grade  separation  is 
the  riiily  sure  remedy.  By  the  elevation  of  tracks  in 
Chicago,  the  total  number  of  accidents  from  croasiiigs  was  reduced 
about  80  per  cent. 

Tablb  XLVII 

ACCIDENTS  TO  OTHERS  THAN  EMPLOYEES 
1000 


Kind  of  AmUmu. 


Orazii  PcwtoKs. 


Pnwtrautt*. 


TrwiiuMiMt. 


KiQed 


Inj-d.  ,KiU«d.!lliJ*d. 


Not  trt^iu'K: 


KiUtd.  iBJ'd 


ToUl. 


I'U>'i 


Colli)iii)iui 

Ih-rniliticriti! 

I'ltrl  inK  of  txiunii 

Irfirii  i>r  nun  hroKkiitK'  •  •  • 

FnlliitK  fniiii  tnUti    

Jiiiii|)itiK  oil  or  (iff  irniiiit  . . 
HlriK'k  \>y  irniiin: 

At  Itiitlmiiy  cromingfi.  .  . 

AC  ntnlinnit    , 

At  utikcr  pijiiits ». 

Otiii'r  eauMti 

TuUln .  : 


2400679 


112  'ill 

305  334 

3371  2037 

100  I  033 


IGIO 
183 
143 


733 

431 

3450 

237 


1830 

517 

12180 

lfi«5 


4044    5750 


869    3918 


5313 


9677 


Highway  Crossings.  The  amount  of  traffic  on  the  highway 
thnr  jii^tilirM  the  Lliniination  of  a  grade  crossing  with  a  rail- 
nwu)  il('|-H>n(ln  upon  circumHlaiicea  to  a  great  extent,  chiefly 
pcrhupM  (i|K>ii  caBO  of  vitynn  by  the  occupants  of  vehicles  in 
uppnmrhiiig  the  crof«iiig.  High  banks  occurring  where  a  high- 
way croKKcK  a  railway  in  a  clei'p  cut  may  make  a  particular  cross- 
ing exixvdingly  dangrrnus  even  with  few  vehicles  crossing  per 
day  and  few  trains  un  the  rtiilroad.  CsLn  standing  on  a  siding 
00  either  Hide  of  a  crossing,  a  curved  track  or  other  cause  of 
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obetruction  to  view  inay  have  a  Ukr  cffiM-t.  Except  on  drives 
with  an  uiiiisuatly  heavj-  traffic  whore  thr  linr  of  vision  is  iinob- 
strucUKl  for  400  or  500  yai-ds  each  way  froiti  the  crossing,  grade 
separation  is  seldom  imperative  for  rouniry  hifEhways- 

Grade  crossings  arc  ehminatod  by  carrying  the  higtiway 
either  over  or  under  the  railway,  or,  as  commonly  lonned,  by  an 
over  or  an  under  croHsing.  Whith  of  these  methods  is  preferable 
for  any  given  location  depends  upon  the  conditions  of  topography 
usually.  If  the  raihtiad  is  on  an  embankment,  nnd  particularly 
if  u  bridge  over  a  natural  drainage  channel  is  near  to  which  the 
highway  may  be  led  without  too  great  inconvenient,  the  under 
crot«ing  will  be  preferable.  If,  however,  the  croesing  occurs  at 
a  deep  cut  or  on  the  level,  the  overhead  crossing  by  means  of  a 
bridge  will  be  found  the  more  eeonoiiiical  and  satisfactorj*. 

Street  CrossingB.  With  the  more  congested  conihtions  that 
are  to  lie  found  on  city  streets,  especially  where  strtsjt-car  tracks 
are  involved,  the  need  for  grade  separation  l>ecome3  more  press- 
ing. Safety  devices,  such  as  signals  and  slow  orders,  may  be 
installed,  but  while  they  may  insure  safety,  they  imixTde  traffic 
ntovcment  either  on  the  highway  or  on  the  railway  or  on  both. 
The  HC>paration  of  grades  may  involve  an  overhead  bridge  or  a 
subway  at  a  few  of  the  mivst  im]>ortant  street  crossings,  or  It 
may  require  a  general  scheme  of  track  elevation  or  depression, 
as  in  the  case  of  large  cities. 

Tnflic  ttut  Justifies  Grade  Separation.  The  determination 
of  the  amount  or  density  of  trafilc  that  ju9tifi(»  separation  of 

les  obviously  deiMMids  on  the  risk  of  a  train  colliding  with 
velticle  on  the  highway,  and  this  risk  is  dependent  upon  the 
frequency  of  trains  and  the  frequency  of  the  pusBage  of  vehicles 
on  the  highway.  If  the  time  of  passage  of  a  train  is  (  minuU-s 
and  the  time  of  passage  of  a  vehicle  is  I'  minutes,  A'  the  average 
number  of  trains  and  A''  the  average  numIxT  of  vehicles  per 
hour,  then  the  chance  or  prt^abihty  that  any  particular  vehicle 

will  collide  with  a  train  is  ;;;,,.,  (60  being  the  mmil^or  of  minutes 

(60)' 

in  an  hour),  and  the  chance  or  probability  that  any  vehicle  will 

colUdc  with  a  train  ia     '  ^  . 

To  apply  this  principle,  it  is  neccaaory  to  aasuroe  some  rela- 
tion between  pc-<lestrians  and  vehicles  and  between  street  cars 
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and  vehicles  in  regard  to  the  relative  danger  of  accident,  in- 
volvjnR  the  relative  time  of  pa^^age  and  the  number  of  persons 
included.  Con»{lering  the  length  of  time  of  passage,  the  nuni- 
ber  of  pt^rsons  endangered,  the  relative  precautions  taken  and 
the  relative  agility  of  the  units  of  traffic  on  the  highway*,  the 
following  ratios  may  be  reasonably  a^isumed: 

5  pedestrians  =  one  vehicle 
1  street  car    =  three  vehicles. 

Assuming  i  =  ('  =  iV  minute,  grade  croKsings  have  been 
eliminated  with  apparent  justification  when  the  chance  of  acci- 
dent became  about  1 :  200,  and  from  a  study  <^  several  specific 
instances;  this  ratio  might  be  taken  as  a  measure  or  index  of 
the  hazard  that  justifies  the  elimination  of  a  grade  crossing,  the 
conditions  being  for  the  average  twelve  hours  of  l)ea\'iest  traffic 
on  a  normal  day. 

Accident  statistic  do  not,  of  course,  show  anything  Uke 
this  percentage  of  accidents,  but  that  they  do  not  is  due  to  the  use 
of  warnings  and  to  the  watchfulnt-sa  of  persons  using  the  cross- 
ing. I'he  "  hazanl  "  iti  in  reality  the  mathematical  chance  that 
a  vehicle  and  a  train  nught  meet  at  the  crossing  if  both  were 
operated  without  the  control  of  human  intelligence. 

In  general,  somewhere  near  8  per  cent  of  the  total  persons 
killed  or  injured  by  steam  and  interurban  railways  in  the  United 
States  receive  their  injurj'  at  a  crossing,  and  about  3  per  cent  for 
street  railways.  On  the  average,  there  is  a  grade  crossing  for 
about  every  half  mile  of  railway  in  the  IJnitwi  States,  or  about 
450000  highway  grade  crossings.  If  on  an  average,  10  persons 
crossed  each  of  these  crossings  jx^r  hour,  there  would  be  450,000 
X85,600  =  3,852,000,000  persons  crossing  once  per  year.  There 
are  on  the  average  about  900  to  1000  piii-sona  killed  per  year, 
hence,  the  actual  hazard  is  about  1:4,000,000.  Or  in  other 
words,  one  might  cross  a  railroad  4,000,000  times  before  the 
chances  would  be  even  that  he  would  Ih>  killed.  The  chance 
of  being  injured  is  approximately  10  times  as  great.  The  differ- 
eni»  l}etwccn  the  theoretical  hazard  and  the  actual  hazard 
results  from  the  exercise  of  human  inlelUgence. 

In  the  Proceedings  of  the  American  Railway  Engineering 
Aamiciation  1^)14,  Mr.  C.  K.  Smith,  Asst.  Chf.  Engr.  MissouH 
Fadfic  U.  11.,  records  the  results  of  some  observations  of  traffic 
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conditions  on  certain  crossings  where  grade  wparation  was  cither 
undertaken  or  considered.  These  results  are  summarized  holow 
and  the  relative  hazard  on  tlie  above  basis  determined  for  each 
case  given  by  Mr,  Smith. 

At  the  Tower  Grove  eroesing.  St.  Ix>uis,  both  the  city  and  tlie 
railroad  acknowledged  the  nerd  of  grade  .sepanitton.  The  traffic 
for  eighteen  hours,  from  fi  A.  M.  to  midnight,  November  3,  1900, 
was  as  shown  in  Table  XLVIU.  This  table  also  shows  a  num- 
ber of  instances  where  the  traffic  was  ronsidered  sufficiently 
heavy  to  justify  gmdc  separation  and  a  number  of  others  where 
the  gradrs  were  not  sepamted,  although  the  conditions  were 
studied  with  a  view  to  eeparation. 

As  might  be  cscpected,  the  density  of  traffic  both  on  the 
highway  and  on  the  railway  varies  with  the  hour  of  the  day.  The 
street  traffic-  is  heaviest  about  six  to  eight  o'clock  in  the  morning 
and  about  five  to  seven  in  the  evening,  corresponding  to  the 
hours  of  poing  to  and  from  work. 

Delays  to  Traffic.  Where  slow  orders  or  stop  orders  are  in 
effect  for  a  crossing,  the  trains  may  l»e  delayed,  but  usually  the 
delay  is  home  by  the  street  tralfic  only.  The  total  amount  of 
delay  depends  obviously  upon  the  den.^ity  and  character  of  tlie 
traffic.  In  the  art-iele  by  Mr.  C  E.  Smith,  referred  to  above, 
some  data  are  presented  showing  the  loss  of  time  to  pedestrians, 
autos  and  other  vc:hicles,  and  to  street  cars.  These  results  are 
abstracted  in  Table  XLIX. 

Table  XUX 
DELAV  TO  TIt\FFIC  AT  STREET  CROSSINGS 


I 

pKDWfmUJIB. 

Vebicuu. 

ACTOHOBILCa. 

SrmKST  Ca»». 

(Si.  Ix>uia). 

* 

m 

111 

< 

-■S 

ECtK 

< 

Ill 

< 

Ill 

KingKliighway.. . . 
Gnvuis  RumI.  . .  , 

Drondway 

Ivory  Ave 

2.6 
0 

1.4 
1.0 
3  0 

5.8 

32 
30 
18 

2,7 
0.7 
4 

1.5 
8  0 

31.6 

40 

67 

58 

52 

3.2 
0 

4 
3.6 

33 

89 
52 

2 
5.4 

13 

34 
60 

60 

These  observations  indicate  that  the  delay  to  street  traffic 
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because  of  grade  crossings  is  so  small  aj^  to  be  almost  nogligible. 
Out  of  twenty-eight  instances  of  fire  department  vehicles  using 
fifteen  crossings  iu  sevfti  days'  olwervalion,  tliere  was  not  one 
instance  of  delay.  How  nnieh  delay  lo  traffic  is  allowable  before 
the  crossing  should  be  eliminnted  cannot  he  state<l,  since  the 
cliniination  of  the  cnuuiing  dcixinds  upon  the  danger  involved 
and  the  cost  of  the  undertaking.  However,  when  5  to  6  per  wnt 
of  the  traffic  is  being  delayed  thirty  to  sixty  seconds,  the  condi- 
tions U»conif  very  annoying  an<l  are  the  source  of  much  complaint. 
The  delays  at  crossings,  in  fact,  usually  excite  more  complaint 
than  the  attendant  danger.  Kconomically,  the  delays  to  traffic 
can  ecajvcly  be  made  to  justify  the  expeiHlilure  for  grade  sei>ara- 
tiOD,  unless  the  ill-will  of  the  public  Iw  taken  into  consideration. 
Coupled  with  tlie  danger  of  loss  of  fife,  however,  the  delays  to 
street  traffic  an<l  other  disjulvantages  of  grade  crossings  all  go 
to  make  up  a  ease  favoring  ihe  separation  of  the  grades. 

Responsibility  for  Crossing  Accidents.  Ix^olly,  a  railroad 
is  res|M)nsibl('  for  a  crossing  accident  only  when  it  resullf;  from 
negligence  on  the  part  of  its  employees  or  from  a  failure  to  pro- 
viile  the  proiK-r  an<l  le+^al  safeguards.  As  a  matter  of  fact,  most 
of  the  accidents  that  occur  at  crossings  result  frrun  the  negligence 
of  the  other  i>arty.  In  the  pai)er  by  Mr.  Smith,  referred  to 
above,  some  oliservat ions  arc  presented  to  indicate  the  care 
exercised  by  persons  at  highway  crossings  to  prevent  accident. 
See  Tabic  L. 

Table  L 
RESPONSIBILITY  FOR  CROSSING  ACCIDENTS 
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This  tabic  ^ow8  that  the  vast  majority  of  persons  pay 
prarticaJly  no  attention  to  the  possible  danger  at  a  crossing  and 
less  than  one-tenth  of  1  per  cent  take  the  trouble  to  "  stop, 
look  and  listen,"  as  the  injunction  so  commonly  reads  on  crossing 
signs.  With  a  greater  degree  of  caution  on  the  part  of  the 
pubhe,  the  safety  of  grade  crossings  wouKl  Iw  gnratly  enhanced. 

Apportionment  of  Cost  of  Grade  Separation.  It  is  to  the 
iutci-est  of  Iwth  the  railway  and  the  public  to  secure  the  safety 
of  railway  crossinia;s,  and  since  railways  are  quasi-public  cor- 
porations, as  has  been  stated  previously,  the  public  should 
in  most  cases  share  the  expense  of  abolishing  grade  cnissinRs. 
This  recognition  of  joint  inlcreet  ami  joint  responsibihty  has 
been  exemplified  in  most  of  the  grade  separation  work  that  has 
occiured  in  the  United  States,  as  shown  in  Table  LI. 


Table  U 

drstribution  op  expense  of  grade  separation 
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Track  Elevation.  When  in  the  larger  cities  many  grade 
crossings  require  elimination,  a  general  scheme  of  grade  separa- 
tion is  undertaken  by  means  of  tra<^  elevalion  or  (rac*  depression. 
Track  elevation  consists  of  rarr>'ing  the  tracks  on  an  embank- 
ment through  the  city  blocks  and  by  a  viaduct  over  the  streets. 
The  work  is  always  much  compUeated  by  the  necessity  of  pro- 
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viding  for  the  coniinuanre  of  traffio,  by  the  necessity  for  taking 
care  of  many  city  ttu!)structurrR,  puch  as  sewers,  water  and  gas 
mains,  etc.,  where  the  streets  arc  depressed,  and  by  ihv.  proi>crty 
damages  that  accrue.  The  RtnjcTures  involved  in  track  eleva- 
tion are  mainly,  (I)  embankments,  (2)  retaining  walls  and  (3) 
viaducts  or  bridges. 

To  attempt  any  extended  diecu-ssion  of  the  design  of  theee 
classes  of  structures  is  entirely  beyond  the  scope  of  the  present 
treatise,  and  moreover,  is  entirely  uimecessary  owing  to  the 
fact  that  many  Ixxiks  have  been  written  upt^cifically  treating  of 
these  subjects. 

The  embankment  is  usually  constructed  by  the  process  of 
building  and  filling  in  a  trestle.  The  e-arthwork  may  be  hauled 
from  a  considerable  distance  on  trains  and  dumped  by  means  of  a 
Lidgerwoud  unloaditig  plow.  The  traffic  is  Hhifted  to  one  side 
of  the  right  of  way  while  the  en»bankment  on  the  other  side  is 
being  constructed  and  then  on  to  this  fill  while  the  fill  is  being 
placed  on  the  fonner  side.  The  trestle  usually  can  be  built 
entirely  of  timber,  and  as  it  is  of  a  temporar>'  nature,  it  can  be 
constructed  of  low^ade  material  and  usually  enlircly  on  top 
of  the  ground  withimt  the  use  of  piling. 

The  rotauiing  walls  are  built  to  hold  the  embankment  at 
the  sides  of  (he  right  of  way.  They  are  usually  of  considerable 
height,  with  practically  a  vertical  faw,  with  a  small  portion  of 
the  footing  projecting  in  front  of  the  face  of  the  wall,  and  they 
should  be  designed  to  carry  a  superimposed  train  load  on  the 
earth  in  addition  to  the  earth  itself.  Reinforced  concrete  walls, 
either  of  the  cantilever  or  the  counterfort  type,  are  well  adapted 
to  this  use. 

The  viaducts  for  carr>*ing  the  tracks  over  the  streets  vary 
widely  in  type  of  construction.  The  older  ones  were  plain 
plate  girders,  with  either  M>lid  or  open  floors,  resting  on  masonry 
abutments.  Solid  trough  floor  construction  was  next  used,  the 
fiours  U'ing  usually  covered  with  concrete.  At  the  present 
time,  practice  seems  to  have  settled  on  some  type  of  girder  spans 
with  steel  trough  floor  construction  or  with  concrete  floors, 
»t«el  girders  ma.sked  with  eoncret«,  or  else  entirely  reinforced 
ooDcretc  structures.  The  latter  seems  to  fulfill  the  R>quirenients 
of  such  a  structure  better  perhaps  than  any  other  type.  Via- 
ducts for  bridges  over  streets  should  possess  the  following  peculiar 
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characteristics  in  adfliiion  l«  the  properties  that  ahoultl  pertain 
toaiiy  brirlgc: 

1.  They  should  be  sij^hlly  iu  api>earanee  in  order  to  detract 
ns  little  118  pus.^ihln  from  tho  vulue  of  mljncent  properly,  niid 
to  promote  the  genenil  lienuty  of  the  rity.  This  opplieB  with 
special  force  to  the  slruulurts  over  boulevaixls  or  pleasure  (Jrives. 

2.  They  slmuld  he  ahsohitely  water-profjf  ui  order  that  the 
ballast  of  tlie  roadljed  may  not  hold  water  and  let  it  drip  on 
persona  bouealh.  To  thii;  end  also,  the  Uoors  sliould  Ix'  very 
completely  dniined  in  order  lo  carry  the  wat(!r  away  as  ivadtly  aa 
possible. 

3.  They  should  be  as  noiselet<s  as  possible.  Noise  results 
from  vibration,  hence,  open  steel  work  or  other  type  of  construc- 
tion that  will  vibrate  intensely  with  the  passaKe  of  trains  should 
1*  Hvoided.  Imk-  55  shows  typical  track  elevation  structure  fur 
crossing;  city  streets. 

Track  elevation  has  the  following  advantages  over  truck 
depression  as  a  mode  of  separatinK  gi'^^- 

1.  Drainage  of  the  track  and  roadixnl  are  more  easily  accom- 
plished. 

2.  Removal  of  snow  is  more  readily  effected  and  less  trouble 
is  experienced  with  snow  drifts. 

3.  The  right  of  way  is  more  easily  kept  clean. 

4.  Satisfactory  clearune<.'s  uiuler  street  viaducts  in  track 
depression  arc  difficult  to  obtain. 

5.  Signals  can  be  seen  more  distinctly,  especially  low  signals. 
G.  The  construction  is  iisunlly  less  difTieult  and  cheapi-r. 
Depression  of  Streets.     It  is  usually  impraeticubto  to  raise 

the  tracks  to  such  a  height  that  the  elevation  of  streets  at  the 
crossings  net-d  not  be  altered.  The  economical  heijjht  for  ele- 
vating triu'k  naturally  depends  nmch  upon  cireimistances,  bt-ing 
ronln»lled  by  the  relative  ctist  of  constructing  the  embank- 
rnetit  and  the  cost  of  depressing  the  streets  with  the  attendant 
damage  to  adjacent  property.  The  elevation  of  the  tracks 
(hrfjugh  the  block  need  not  be  as  great  as  the  distance  between 
grades  at  the  street  crossings,  but  it  is  impractical  to  drop  the 
grade  of  the  tracks  through  the  blocks  and  raise  it  again  over 
each  street  crossing,  as  is  comnionly  done  for  elevated  electric 
railways  in  cities.  For  this  re:ison,  it  is  necessary  to  adopt  a 
constant  amount  of  elevation  to  give  to  the  tracks  and  to  uceom- 


pliah  the  romaindcr  of  the  Krado  separation  by  depressing  the 
atreetfi.  The  diviuinn  hetween  these  two  distances  that  will 
be  the  most  economical  arranKcmcnt  will  be  such  that  the  tot^ 
coet,  iueludiuK  the  raising  of  the  tracks  and  the  depressing  of 
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the  Hlreets,  may  lie  a  niinimuin.  Tliis  usually  occurs  when  the 
tracks  are  elevated  8  to  12  ft.  and  the  streets  depressed  suf- 
ficiently to  furnish  the  n?niauider  of  the  headroom  necessary. 

It  is  undesirable  to  use  more  than  a  4  or  5  per  cent  grade 
on  the  street  where  it  is  depressed,  and  consei)Uently  it  becomet 


necesRary  to  change  the  etreet  lovel  for  100  or  200  ft.  on  cither 
BiHr  of  the  crossinE.  which  entails  not  onJy  a.  reconst ruction 
of  the  pavement,  Vjut  of  sewers  anil  other  untierErourid  struetures 
as  well.  Of  the  latter,  sewers  raiise  the  most  trouble  owinp  to 
the  fart  that  they  have  to  \>e  kept  on  a  definite  irradicnt.  This 
is  sonictinics  accomplished  by  deflecting  the  sewer  around  the 
crosMing  and  sometimes  by  me.ans  of  an  inverted  siphcn.  The 
drainaRc  of  the  depression  in  the  street  may  constitute  a  serious 
problem  also. 

The  character  of  the  street  may  be  modified  advantageously 
where  it  passes  beneath  a  viaduct  or  through  a  subwa\'.  The 
width  need  not  be  niaintaiiied  because  there  is  no  occasion  for 
vehicles  to  stand  at  the  curbs  nor  for  irersons  on  the  sidewalks 
to  walk  in  any  other  direction  than  straight  ahead,  consequently 
both  the  street  between  the  curbs  and  the  sidewalks  may  be 
made  narrower  than  on  the  regular  street.  The  level  portion 
under  the  viaduct  should  be  continued  a  sufficient  distance 
beyond  the  structure  to  permit  the  highest  vehicles  to  cleaj* 
before  starting  up  the  grade.  The  height  of  clear  space  in  the 
8uV)wny  should  be  such  as  to  allow  vehicles  of  maximum  height 
to  pass  through.    This  will  usually  require  about 

12    to  13  ft.  for  streets  without  care, 

12i  to  14  ft.  for  street*  with  street  cars, 

15    to  16  ft.  for  streets  with  interurban  electric  care. 

To  secure  greater  headroom  greatly  ii](;rea»es  the  cost  of  the 
structure  and  of  the  work  generally,  the  cost  var}ing  nearly  as 
the  square  of  the  depth. 

Track  Depression.  Track  depression  is  accomplished  by 
excavating  the  right  of  way  and  holding  back  the  adjacent  earth 
by  means  of  retaining  walls,  and  then  operating  the  traiita  over 
tracks  laid  in  the  bottom  of  the  channel  thus  formed,  carrying 
the  streets  over  the  tracks  by  means  of  viaducts  or  bridges. 
While  track  elevation  is  usually  the  favorite  method  of  separating 
grades  from  the  point  of  vit^w  of  the  railway,  track  <lepressiou 
is  frequently  preferred  by  the  city  for  the  following  reasons: 

1.  The  depression  docs  not  obstruct  the  view  as  does  an 
embankment. 

2.  The  trains  are  almost  entirely  hidden  from  sight  in  the 
depression. 
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3.  The  noise  is  less  from  depressed  tracks  at  street  crossings. 

4.  The  streets  are  more  easily  kept  clean  and  sanitary  when 
they  are  in  the  ojwii  alHtvn  the  railroad  than  when  they  pass 
beneath. 

I        The  strucluros  involved  in  track  depression  are: 
1.  Retaining  walls  t<>  hold  hack  the  earth  at  the  aides. 
2.  An  excavated  channel  in  which  the  tracks  are  laid. 
3.  Bridges  for  carrying  the  streets  and  street  csn  over  the 
inu-'ks. 
The  bridges^  used  in  track  depression  are  naturally  Ughter 
than  those  r(.H(iiirefI  in  trjiek  elevation,  but  they  arc  neccMsanly 
tpuch  longpr,  l»eraus*v  thi;  railroad  right  of  way  is  witler  than 
the  streets,  and  also  l>ecause  the  approaches  must  give  suf- 
ficient elevation  to  the  streets  to  enable  them  to  pass  over  the 
^  tracks. 

f  Property  Damages.  It  usually  hapisens  in  track  elevation 
or  track  depression  work  that  the  damages  to  pro|>erty  abutting 
^  the  right  of  way  conBtituti^  a  e^nisidenible  portion  of  the  total 
^Vjost  of  the  work.  In  the  track  elevation  work  on  a  branch  of 
the  Philadelphia  and  Heading  l^lway  at  Philadelphia,  the 
land  damagi-R  aniountcwl  U»  3S2,000,  or  about  one  per  cent  of 
t^e  total  cost,  and  in  many  instaiiees,  they  amount  to  a  much 
hinier  [MTi'entage  than  this.  It  is  not  uncomiuon  for  the  city 
t-u  re('Ogni:fe  its  responsilulity  for  grade  crossing  removal  and 
to  accept  an  its  share  of  the  expense  in  that  connection  the 
damages  luxruing  to  property  in  the  vicinity.  Railroads  may 
exercise  the  right  of  eminent  domain  in  grade  separation  pro- 
cedure, although  a  st>ttlfnient  outside  of  court  is  preferable  if 
it  ran  Ix'  sirfurcd.  Whether  the  damages  are  determined  by 
agreement  or  by  arbitration  and  appraisal,  the*  iH>st  is  usually 
verj'  large. 
H  Damage  claims  u»uully  arise  under  conuiion  law  and  equity 
™n'ght8,  but  m  some  stJites  the  statutes  make  special  provision 
fur  sueh  damiigcs.  '['hua  the  Missouri  statute  slater:  "  That 
private  i>m[H.Tty  kIkiII  not  be  taken  or  damai,ed  for  public  use 
without  just  compcnsution."  The  courts  have  established  the 
measure  of  damages  as  the  depreciation  in  the  value  of  the 
prO|ierty  due  to  the  cbiuige  of  grade  in  front  of  it,  and  this 
depreciation  may  l»e  dcteraiiued  by  the  difference  in  the  fair 
market  value  of  the  property  or  by  the  sum  ocecssaiy  to  adjust 
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the  level  of  tho  property  so  that  it  will  have  the  same  elevation 
relative  to  the  grade  line  as  before  the  iniprovenient.  Ordi- 
narily, the  melhcMl  that  shows  (he  loaet  damage  is  adopted. 
Indirect  damages  to  imhistriet;  resulting  from  the  change  in 
grade  are  not  commonly  allowed. 

Intenirban  and  Street  Railway  Crossings.  "Whenever  an 
electric  railway,  either  interurban  or  urban,  is  crossed,  the  possi- 
bilities of  danger  become  verj'  grave.  Interurban  lines  should 
be  treated  csHimtJally  thr  same  int  intersecting  steam  railways. 
The  common  practice  for  street  railway  crossings  is  to  depend 
on  the  street-ear  conductor  to  flag  his  car  safely  ai^roHs  the 
track,  which,  owing  U)  the  mediocre  discipline  and  training  that 
ordinarily  obtain  among  street-car  employees,  does  not  always 
prevent  accidents.  Wht-re  the  st^'am  trains  are  operated  at  full 
ajK-ed,  and  where  the  grades  on  the  street  railway  arc  such  as 
to  prevent  the  full  and  complete  control  of  tho  ears  under  all 
conditions,  other  safeguanls  should  be  provided.  Owing  to 
(he  comparative  ease  of  bringing  electric  ears  to  a  stop  and  their 
relatively  high  acrelerating  capacity,  l>oth  of  which  greatly  refluce 
the  loss  of  time  and  oxptmsn  incident  to  stops,  electric  lines  may 
cross  at  grade  more  satisfactorily  than  steam  roads.  The 
burden  of  stopping  should  ordinarily  be  borne  by  the  electric 
railway  owing  to  llie  fact  that  stops  are  much  mon;  cheaply 
made  due  to  the  lighter  cars.  Thu  traffic  den.<4ity  tliat  will 
justify  the  ae{mration  of  the  grades  may  be  determined  economi- 
cally aceordiiip  to  the  principles  previously  outlined. 

Steam  Railway  Crossings.  CIrade  crossings  on  steam  rail- 
ways are  usually  protected  by  derails  anti  interlocking  devices 
so  that  danger  of  collision  at  such  points  is  rcdured  to  a  mini- 
mimi.  Electric  interurban  crossings  should  be  thus  prott-cttnl 
also  when  they  oceuj*  at  grade.  The  chief  objection  to  crossings 
thus  protected  are  (I)  tlip  time  lost  in  stopping  at  the  crossing 
and  (2)  the  cost  of  making  the  stoiw.  Wlierc  the  traiBc  is  very 
dense,  the  delays  and  expense  incident  to  such  stops  l>econic 
so  great  that  ecrmomy  is  served  by  abolishing  the  grade  croesiDg 
altogether.  At  what  density  of  trathc  such  separation  of  grades 
is  justified  must  be  determined  by  a  study  of  each  case,  for  the 
coat  of  separation  would  Llfpcncl  entirely  upon  hwal  conditions. 
Where,  by  virtue  nf  thr  natural  topography,  one  road  can  lie 
readily  elevated  so  aa  to  pass  over  the  other,  the  grades  can  be 


very  cheaply  separated,  and  very  little  traffic  would  be  required 
to  justify  such  separation. 

When  a  complete  interloekinf?  plant  is  nstahlislied  at  a  crrusung, 
trains  rarely  have  to  stop  except  on  roads  where  the  traffic  is 
very  dense.  However,  when  traffic  becomes  veo'  heavy,  there 
cotne?  a  time  when  the  capitalized  coat  «f  slnpn,  inchidinR  the 
time  lost,  the  fixed  charges  on  the  interlocker.  and  the  wages 
of  the  attendant  exceeds  the  cost  of  grade  separation.  When 
this  point  is  rc-aehed,  the  grades  of  course  should  Ih:  sc^purated. 
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The  Reneral  effect  on  traffic  of  the  alwenee  of  grade  crossingB 
is  Ijeneficial,  which  fact  would  pnibably  render  desirable  the 
separation  of  the  grades  even  before  the  effects  on  the  coot  of 
operation  would  justify  such  action.  In  large  cities,  the  separa- 
tion of  grades  iMH-onics  very  complicatcil  and  expensive  in  many 
instances.  Fig.  56  shows  the  work  under  construction  of  sopa- 
ratinK  the  srades  of  the  Hock  Island  and  the  Chicago  and  West- 
em  Indiium  railways,  »w\  illustmtes  the  complexity  of  this  work 
under  congested  conditions.  This  work  provider  for  can^nng 
five  tracks  of  the  former  road  over  ten  tracks  nf  lh«.'  latter. 

The  courts  have  eummonly  hclil  that  priority  of  coualniction 
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should  be  pven  little,  weight  in  diatributinR  the  burden  of  sepa- 
rating grades,  and  that  the  roads  involved  must  co-operate  to 
bring  about  the  solution  of  the  crossing  problem  that  is  most 
adva.ntiift(!(iUK  to  the  public  servk-e.  As  a  mutter  of  fact,  erosa- 
ings  either  at  grade  or  separatetl  are  usually  constructed  and 
maintained  according  to  contracts  between  the  companies 
in  vol  veil. 

Cost  of  Grade  Separation.  Only  careful  study  of  the  sepa- 
rate items,  such  as  the  retaining  walls,  earlhwf^rk,  bridges,  prop- 
erly damages,  track  work,  cost  of  conducting  tranaijortation 
during  construction,  etc.,  will  give  a  re!Lal>lc  estimate  of  the 
coat  of  track  elevation  or  depression.  Kuch  of  thest*  items 
should  lie  analyzed  a.H  completely  an  [K>H.sil>le  into  Ua  elements 
and  units  prices  assigned  to  each.  However,  some  general 
figures  iLs  to  the  cost  of  grade  separation  work  ai-e  instioietivc 
by  way  nf  comparison  willi  the  cost  of  other  work  coimected 
with  the  building  or  improving  of  railways. 

In  the  Hailiiay  Ane  OazUiv,  July  19,  U>14,  Mr.  U.  C.  Kstep 
gives  .some  liatji  on  the  c(jst  of  grade  separation  work  iti  Majwa- 
chuscttfi  and  Rhode  Island,  which,  he  states,  represents  about 
average  conthlions.  The  structures  include*!  in  tlie  20  uiileH 
through  rural  regions  and  small  vih;ige.s  were:  1 1  overheaxi 
timber  bridges,  8  timber  subways  under  the  railroad,  one  70-ft. 
deck  plate  girder  on  nia.sonry  nbutmenLs,  and  one  l03-ft.  span 
over  another  railroail,  making  a  total  of  22  structures.  The 
total  estimated  cost  of  these  structures  was  $103,935,  or  $519t} 
per  mile  of  line.  The  actual  cost  of  the  19  timlwr  structures 
was  $61,577,  or  $3241  per  structure.  Approximately  two- 
thirds  of  this  cost  Wiw  for  grading  and  one-third  for  the  structure 
itself.  Only  such  grayling  a.s  was  chargeable  to  grade  separation 
waa  included.  Changes  in  highway  grades  and  locations  were 
made  where  deemed  advantag(^)ns. 

On  8  mile;?  in  Rhode  Island  throiigh  rural  regions,  the  cost 
of  4  timber  and  2  stool  structures  was  821,749,  or  $3625  per 
structure,  the  timber  stnicturea  costing  about  $1100  and  the 
permanent  ones  $0000,  exclusive  of  grading, 

On  8  miles  under  city  conditions,  there  were  12  timber  and 
14  steel  and  concrete  structures,  whose  estimated  cost  was 
$237,426,  excliJsive  of  grading,  which  amounted  to  $26,400, 
us  bringing  the  total  to  $263,826,  or  $32,978  per  milu. 
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Summarizing,  Mr.  Estep  says  that  the  timber  structures  in 
the  country  cost  about  S1200  and  in  the  city  about  $2300  each. 
The  cost  of  permanent  structures  in  the  country  was  about  $10,000 
and  in  the  city  about  $14,000  each.  The  whole  cost  of  grade 
separation  costs  about  $3000  per  mile  for  country  conditions  and 
about  $30,000  per  mile  for  city  conditions. 

In  Chicago,*  148.7  miles  were  elevated  at  a  total  cost  of 
$72,622,000,  or  $488,000  per  mile. 

*  Enginuring  News,  June'  3,  1909. 
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Introduction.  T\ic  railroads  of  the  United  Statos,  as  has  l>e4'u 
fltatrd,  wfTi'  i-liicfly  pionrrr  lines,  hiiilt  wlipii  in  reality  no  traffic 
actually  existed,  and  ihey  were  t'onstruclcd  an  cheaply  as  possV 
bic  due  to  l]iit>  fact.  ^Vlmoitl  without  exception  they  were  built 
as  singlf-trark  lim-s,  wherejLs  the  railways  of  Kriropcan  countries, 
notably  those  of  France  aud  Gemuuiy,  were  designed  for  condi- 
tions that  already  existed  for  the  niust  |»arl,  and  as  a  conae- 
quence,  they  were  built  with  two  tracks  wherever  the  second 
track  was  warranted.  Owing  to  the  fact  that  the  railways  of 
this  country  have  been  eoiml rueteil  as  siiiKle-lrack  hues,  as  the 
traffic  increii-ses  with  the  denser  population  it  Ijeeonics  necessarj' 
to  construct  adtUtional  track-s.  At  the  prcsc^nt  time  about 
89  iM?r  cent  of  the  railroads  <tf  I  he  United  Staitw  are  single  track. 
The  future  raihood  building  of  the  country  will  be  more  ami 
more  concerned  with  additional  main  tracks  because  the  country 
has  reached  a  nonnal  Btate  of  population  where  the  growth  is 
at  about  the  same  rate  relatively  in  all  parts,  and  the  increase  in 
population  will  proba]>ly  foUow  fairly  well-t^tablishcd  principles 
that  may  be  observed  by  studying  the  renins  reports. 

Additional  main  trat^ks  will  1«^  nt'cdc<l,  moreover,  owing  to 
the  ten<lency  for  minor  roads  to  serve  as  feeders  to  large  aud 
strategically  located  lines.  These  latter  are  destined  more  and 
more  to  become  tnmk  lines  that  will  require  two  or  more  tracks 
to  carry  the  traffic  resulting  from  thi.s  arrangement. 

While  i1  is  impotwibh!  to  formulate  a  ilefinite  nilc  by  which  to 
determine  at  what  stage  in  the  development  of  traffic  additional 
tracks  Ih-couic  justified,  a  review  of  the  principles  involved  will 
aid  in  Ibe  solution  of  the  problem.  Dftuble  track  is,  f)f  course, 
jvistiliud  economically  when  the  tlecreaso  in  operating  expenses 
due  to  ilii  imdallatioa  exceeds  the  fixed  chaises  on  the  added  in- 
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vestment,  and  tins  rhaptor  will  Ik*  <;ci-upiotJ  in  diRaiKsing  (he  proli- 
1cm  from  thii*  point  c>f  view. 

Alternatives  for  Increasing  Track  Capacity.  Wliin  the  traffic 
of  a  single-track  railroad  hecctfues  conRestcil  aiul  Iht;  line  haa 
apparently  reached  it.s  limit  in  t-arr^'iriK  eapacity  un^ler  existing 
conditions,  additional  trju-ks  are  by  no  means  the  only  alternative 
for  increasing  the  capacity.  Various  expedients,  both  in  opera- 
tion and  ill  const ruetiuu,  may  Im*  usihI  either  to  postpone  the  huild- 
ing  of  additional  tracks  or,  in  eome  instances,  to  avoid  it  altogetlipr. 

Grade  reduction,  as  discussed  in  the  precluding  chapier,  may 
be  usckI  for  inerejwing  track  capacity  instead  of  double  tra<'king. 
It  is  usually  advisable  to  consider  the  possibilities  of  grade  nnhic- 
tiou  first,  Ix't-ausi-  <I()ublc-tr:u-k  roads  are  economical  only  under 
heavy  traffic,  and  wherever  the  grades  can  be  reduceti  with 
facility,  this  melhoil,  as  has  been  already  shown,  offers  the  most 
ready  meanu  of  nniuriug  the  c-cwt  of  operation.  Moreover,  it 
is  scarcely  consistent  construction  to  double  track  a  line  on  which 
the  grades  have  not  been  reihiced  to  the  economical  minimum. 
Grade  n-duction  int-reaw^s  the  Iraffic  rapacity  because  it  enables 
the  traffic  to  Ix*  transported  witli  fewer  trains,  and  it  is  chiefly 
tl>e  nmnber  of  trains  rather  than  the  tonnage  (hat  congests  a 
division  owing  to  (he  necessary  delays  at  meeting  plates. 

I  The    introduciton    of  blocl-    signaling    will    also    increase   the 

capacity  of  a  line  by  allowing  trains  to  run  closer  together  ttian 
«ui  be  sftfely  done  without  them.  Sometimes  a  rearmngcment 
of  the  blocks,  shortening  the  k'ngth  of  the  blockn,  or  using  the 
permissive  absolute  g>Btem  in-«(ead  of  the  absolute,  where  the 
traffic  is  almost  entirely  freight ,  may  servo  to  give  a  congested 

Idivlflion  greater  capacity. 
A  ri'arrangftnvnt  and  enUiryeimnt  of  terminalst  ntay  lx»  possible, 
which,  by  allowing  (rains  to  get  out  on  the  tracks  at  the  proper 
timefl  to  avoid  uuuecessary  interference,  may  afford  the  needed 
inereaae  in  capacity.  Most  of  the  delays  that  occur  to  freight 
movement     take    place    in    terminals,    consequently    tenninal 

I  improvement  may  lie  a  fruitful  field  of  study  in  attiuiipling  to 
bring  about  greater  carrj-irtg  capacity. 
The  Jh'd  iiy.-itim  of  train  despatching  has  been  uswl  on  crowded 
freight  lines.  In  (his  system  the  trains  are  all  moved  in  one 
direction  for  a  ccrlain  perio<l  and  (IiPii  tln.ise  bound  in  the  other 
_t_    direction  are  moved  forward  while  the  funner  wait  on  tudings  or 
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at  the  terminals.  ITiis  means  is  applicahle  only  where  the  tra£Bc 
18  practically  all  fretghl  uf  one  class  such  as  on  ore  or  coal  roads. 

Care  in  denpatching  in  order  to  aroid  bunching  trains  at  certain 
times  of  the  clay  may  bring  a  modicum  of  relief  on  congested  divi- 
sions. Dispatching  freight  trains  at  timt'-s  when  the  track  is 
least  occupied  by  passenger  trains  nnll  also  be  an  advantage. 

Increasing  side-tracJc  factUtic^  will  increase  the  capacity  of 
a  single-track  line.  As  shown  in  a  previous  chapter  (Chnptpr 
XII),  there  would  be  no  delay  due  to  waiting  for  trains  if  the 
trains  were  dispatched  one  after  another  at  intervals  equal  to  twice 
the  running  time  b<;tween  passing  points,  but  such  a  mathematical 
operation  of  trains  is,  of  course,  impracticable.  The  interval 
between  sidings  varies  from  4  or  5  miles  on  busy  roads  in  thickly 
populated  districts  to  almost  any  distance  in  sparsely  settled 
communities  with  vcr>'  light  traHic,  and  the  length  of  sidings 
varies  from  that  which  is  just  sufBrient  to  acconimodnto  the 
longest  train  to  a  length  that  is  in  reality  a  short  stret-ch  of  second 
track.  Side-track  facilities  may  be  increased  by  (1)  sliurlciung 
the  inten'al  Iwtween  sidings,  (2)  increasing  the  length  of  certain 
side  tracks  to  form  relief  tracks,  and  (3)  rearranging  the  side  tracks 
so  that  they  will  afford  an  opportunity  for  superior  trains  to  pass 
freight  going  in  the  same  direction  with  them  as  well  as  freight 
bound  in  the  opposite  direction.  This  may  be  accomplislied  by 
the  use  of  lap  sidings  with  croaanivers  with  interlockcrs.  The 
limits  of  increasing  side  tracks  will  be  pointed  out  in  a  succeeding 
paragraph. 

The  use  of  heamer  motive  power  enabling  longer  trains  to  be 
hauled,  thereby  reducing  the  number  of  passings  and  raeetitiga 
necessary*,  will  also  increase  the  capacity  of  single  track. 

Duplicate  tracks  up  long  steep  grades,  where  R|Micd  is  necessarily 
slow  for  heavy  freight  trains,  which  permit  faster  trains  to  pass 
the  hea\'>'  freights  in  the  upboimd  direction,  is  a  device  for  m- 
creasing  the  oiierating  capacity  that  is  frequently  utilized. 

Placing  double  track  at  stations  so  that  trains  may  pass  and 
meet  each  other  without  involving  stops  other  than  the  usual 
station  stop  will  diminish  the  delays  due  to  trains  taking  the 
Ri<lings. 

Electrifiooiion  is  a  method  of  increasing  capacity  that  promise 
to  be  used  much  in  the  future. 

Railroads  almost  invariably  employ  some  of  these  meaos  of 
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increasing  the  carrying  capacity  of  the  track  before  double  track- 
ing ia  resorttKi  to.  The  correct  solution  of  the  problem 
largely  depends  upon  the  character  of  the  traffic  as  well  as  the 
amount. 

Influence  of  the  Character  of  the  Traffic.  Not  only  the 
density  of  traffic,  hut  the  character  of  the  traffic  as  well,  affects  the 
degree  of  congestion  of  movement  on  a  railroad.  Where  the 
traffic  is  all  of  one  kind,  the  maximum  density  of  traffic  can  be 
handled,  and  conversely,  the  greater  the  diversity  of  traffic  the 
less  the  amount  that  can  tx*  handled.  If  all  of  the  traffic  is  low 
grade  freight,  e.g.,  ore,  coal,  etc.,  trains  can  be  run  closely  together 
and  none  nee<I  \te  grt'atly  delayed  Iwcause  of  waiting  to  allow 
a  superior  train  to  pass.  A  similar  condition  escists  on  electric 
lines,  such  as  street  railways  and  intcrurban  railways,  where  Ihc 
traffic  ia  «f  one  kind.  When,  however,  the  traffic  conaints  of 
through  slow,  fast  and  local  freight,  as  well  as  local  and  express 
passenger  trains,  the  freight  movemcnia  are  greatly  delaycKl. 
From  the  viewpoint  of  freight  movement,  paseenger  trains  are 
but  obstructions  to  the  running  of  trains,  a  fact  that  should  be 
kept  in  mind  in  many  other  connections  a«  well  a-s  in  the  preaent 
discussion.  Where  frequent  suburban  traffic  is  to  be  accom- 
modated, two  or  mure  tracks  are  alinast  absolutely  essential. 
Trains  hauling  live  stock  and  perishable  freight  always  delay 
the  slower  freight  trains  in  a  manner  similar  to  the  effect  of  pas- 
senger trains.  With  many  fa-st  freight  and  [)assenger  traina, 
the  slow  freights  may  be  kept  on  sidings  practically  all  day  and 
be  allowed  on  the  main  line  only  at  night.  The  loss  in  use  of 
equipment,  revenue  and  wages  may  amount  to  a  large  sum  under 
such  circumstances. 

Physical  Limit  of  Capacity  of  Single  track  Railroads.  The 
capacity  of  a  single-track  railroad  do[>ends  uiwii  several  con- 
ditions, among  which  may  be  mentioned  the  character  of  the 
traffic,  the  speed  of  the  trains,  and  the  spacing  of  the  sidings. 
The  capacity  varies  directly  with  the  speed  of  the  trains  and 
inversely  with  the  distance  between  the  sidings.  That  this  is 
true  can  be  thown  by  an  illustration  more  simply  than  by  an 
extended  proof.  Assume  that  trains  arc  moving  at  the  rate 
of  28  M.P.JJ.  and  the  passing  sidings  are  7  miles  apart,  then 
the  capacity  will  be  28^7  =  4  trains  or  2  each  way  per  hour; 
if  the  velocity  be  only  14  M.P.H.,  the  capacity  will  be  I4-r-7=2 
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train?  or  one  each  way  per  hour,  for  only  one  train  can  pass  over 
the  line  between  two  sidings  in  the  intcn'al  required  for  a  train 
to  run  ihis  distance.  AKain.  the  Hpo*«l  of  any  train  over  a 
given  division  is  dependent  on  the  tonnage  of  the  train,  hence 
the  equation  may  be  written 


<  =  24 


VW 

D  ' 


where  t  is  the  papaoity  in  tors  Iwfh  wa^T!  per  day,  V  the  aver- 
age speed  belween  Hidings,  ineludinR  the  stops  on  the  sidings, 
i)  the  distance  between  the  sidings,  H  the  tonnage  rating  of 
the  locomotive  for  the  distrit't. 

This  et|uation  represents  the  capacity  between  two  sidings 
under  ideal  conditions  with  no  pnj^senger  trains,  and  all  freight 
traing  having  the  eanie  average  spfH'd.  The  two  sidings  on  the 
district  whose  spacing  ia  such  as  to  give  the  inininium  capacity 
wil!  limit  the  caparit.y  of  the  division,  foi'  truflic  cannot  move 
over  the  division  more  rapidly  llwin  through  the  most  restricted 
section.  This  equation  is  predicated  on  the  assumption  that 
the  traiiiB  are  dispatched  at  etjual  intervals  throughout  the 
day  and  that  there  are  no  breaks  in  the  operation,  a  condition 
that  never  obtains  in  practical  operation.  However,  the  equa- 
tion shows  the  esstuitial  n-Ialionship  between  the  passing  i^iding 
mter\'al  and  the  capacity,  which  will  be  further  illustrated  by 
an  example. 

Consider  a  district  100  miles  long  with  20  passing  gidings 
spaced  as  shown  in  the  table  below.  Applying  the  formula  gives 
tlie  capacities  shown,  with  (he  niininium  capacity  at  the  llth 
siding  interval  of  90,000  tons  per  twenty-four  hours  as  limiting 
the  capacity  of  the  entire  division.  If  the  distance  between 
these  two  sidings  is  changed  to  K  miles,  the  capacity  is  increased 
to  125,000  loMM.  The  same  result  might  be  acconip)t.s]u-d  by 
reducing  the  gradient  so  that  21  M.P.H.  could  be  maintained 
as  the  average  velocity  at  this  point. 

If  twenty-two  minutes  bu  assumed  us  lost  by  waiting  on 
the  sidings,  obsening  the  clearanra  rule  of  ten  minutes  on  a 
line  without  block  signals,  etc.,  the  speed  is  reduced  over  this 
restricting  territory  to  11.2  M.P.H.,  and  the  capacity  conse- 
quently reduced  to  55,200  tons  per  twenty-four  hours.     If  block 
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signals  be  instAllcd,  obviating  the  ton-niiDUtc  clearance,  the 
average  speed  becomes  11.4  M.P.H.,  ami  Ihe  capacity  increased 
to  08.400  tons  per  twenty-four  hours.  From  this,  the  inter- 
dependence of  speed,  spacing  of  sidings,  and  signal  facilities 
becomes  apparent.  Grailes,  rxce-ssive  curvature,  or  other  features 
that  limit  speed  at  this  point,  Itecome  sources  of  serious  loss, 
since  the  capacity  is  greatest  where  conditions  arc  favorable 
for  maximum  speed. 

OPERATING  CArACITY  OF  SINGLE  TRACK 


Uiiitance  between  pasnnR  traftks, 
miliv. 

Avtintgc spi-ed,  M.I'.H.   .. . 

Capacity  in  Ihoumnd  tons  per 
twenty-four  houra. . 

Distance  between  psanng  tiudcs, 

nules. 

Avenge  ffpeed,  M.P JI  — 
Capacity  io  thousand  txina  per 
twenty-four  liuuni 


2 

5 

3 

6 

« 

6 

s 

3 

4 

8 

ao 

12 

20 

20 

20 

20 

12 

20 

lfl2 

102 

192 

192 

inu 

100 

19-2 

192 

240 

s 

153 


7 

25 


171  670 


5 
20 

193 


12 
102 


7 
25 

171 


4 

16 

192 


6 
24 

192 


192 


9 
20 

loa 


•rr- 
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Fio.  57. — Gni|iluc  Time-Ubfe  Showing  Delay  of  Tmiiw  at  Meeting  Pbinta. 

A  more  definite  relation  between  operating  conditions  and 
the  capacity  of  a  single-track  railroad  may  be  derived  ae  follows:* 


♦  Ptdc.  Am.  Ry.  Eog.  Asm.,  Vol.  XVU.  p.  72. 


^ 
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J>!t  H^  thf!  flpadng  between  trains  in  the  same  directicm; 

T^  ntJm^rf:T  of  trains  per  day; 

a  '  rJnlay  of  a  train  at  a  passing  siding. 

'rhftn 

_     1440X2  ,,...     .     *     •        .V 
'  =  — jT'     (1440  minutes  in  a  day). 

Thf;  vfthift  of  jS  may  t>e  detcnnined  as  follows:  Assuming 
that  (^2,  Fift,  /j7,  rcprfwcntfl  the  time  of  the  westbound  train 
ninnirift  tM-iwprtn  the  pasHJng  Hiding  and  o,  and  W\  the  time  running 
lri;tw(!frn  the  pfuwing  Hiding  and  40,  and  £2  the  time,  consumed 
by  ih(!  f!ftHttK)und  train  in  running  between  0  and  the  passing 
Hidiirfc,  and  K\  the  time  U!tween  the  passing  siding  and  40,  and 
alno  Ifriting  a  r<Tpn!W;nt  the  time  consumed  by  a  train  taking 
\\\v.  pfuwing  HirliriK  to  rn(»!t  another  train,  we  have  from  the 
dinKrani: 


or 


^-W^i+Ki+^+l; 


.S=IV.+A',+^+^; 


•2N-  VTi  +  VT^+A'i+^z+o+a 
^  2         ■ 


If  A^  (-(iuiiIh  the  ininitHT  of  pfuming  sidings,  then,  substituting 
in  ihr  liwt.  ('(tuiition  ^V  +  l  for  2,  we  have: 

^.     U-  +  A'+{Ar+l)o 
*^^  A'  +  l'""* 

Subntituiing  thi^  viihir  of  tS  in 

2KK0 


wo  hiivo 


7'  = 

2sso(y+i) 


wliiob  givos  tlu'  ntiwinniin  ninulKT  of  trains  that  can  be  operated 
nvrr  n  sinnli'-tnu'k  rjiilwjiy. 

Limit  of  Side-track  Facilities.     Obviously  a  double-track  line 
has  «  g»V{»(cr  capacity  than  two  siuglo-track  lines,  because  delaj-s 


ECONOMIC  LIMIT  OF  SINGLE-TRACK  RAILROADS     355 


I 


at  meeting  points  an;  avoldpd  uud  ilolaya  due  to  superior  traina 
passing  inferior  trains  are  about  the  same  in  the  two  caees.  The 
economic  spacing  of  passing  sidings  is  found  for  average  con- 
ditions to  be  about  4  tu  4.5  miles  apart  tu  give  the  maximum 
capacity  under  most  conditions,  for  if  greater  than  this,  the 
capacity  is  limited,  as  shown  in  a  previous  paragraph,  and  if 
tliey  are  closer,  the  time  lost  in  turning  »ut  will  t>e  greater  than 
the  running  time.  When  the  practical  limit  of  the  capacitj' 
of  a  single-track  line  with  sidings  has  been  nearly  reached, 
relief  tracks  arc  usually  built  as  extended  side  tracks  at  the 
end  of  the  district  and  operated  as  second  track;  relief  tracks 
are  also  budl  frequently  at  intermediate  points,  so  tliat  instead 
of  waiting  fur  the  opjMwing  train  to  pass*,  the  train  on  the  siding 
can  keep  on  moving  for  some  distance  at  least.  The  i-clicf 
tracks  arc  first  built  at  the  ends  of  the  division,  bcv-ause  of  the 
greater  nxmiber  «f  obstructions  ent;ouiitere<l  there.  Gradually 
these  sidings  grow  until  it  is  found  desirable  to  double  track 
the  entire  district. 

Economic  Limit  of  Single-track  Railroads.  While  the 
above  discussion  indicates  the  physical  limit  of  the  capacity 
of  a  single-track  railroad,  the  economic  Untit  is  usually  reached 
before  the  physical  limit  is  attained,  and  the  next  few  para- 
graphs will  be  occupied  with  an  attempt  to  determine  the  econom- 
ical Umit  of  single-track  lines.  The  €H.'onomi(!  Umit  of  capacity 
depends  chiefly  upon  the  relative  cost  of  operation  under  the 
single-track  conditions  and  the  fixed  charges  on  capital  re<iuired 
to  construct  the  second  track;  that  is,  the  arrangement  is 
most  economical  that  nill  cause  the  fixed  charges  invested  in 
sidings,  plus  the  cost  of  operation,  to  l)e  a  minimum.  The  loss 
of  time  due  to  delays  at  the  sidings,  the  loss  of  capacity  and 
eflBcient  use  of  the  existing  facilities,  the  losses  in  fuel  and  wages 
due  to  stops  and  delays,  the  greater  danger  of  collisions,  etc., 
must  be  balanced  against  the  cost  of  constructing  the  additional 
track. 

Loss  of  Time  for  Equipment  and  Crews.  In  the  Procccdiuga 
of  the  Master  Mechanics'  Association  of  June,  1!K)5,  it  is  stated 
that  locomotives  are  on  the  road  al>out  75  per  cent  of  the  timOf 
much  of  which  is  taken  up  by  delays.  In  one  cose  mentioned, 
which  is  typical,  one  locomotive  was  on  the  road  464  hours 
in  one  month  with  2G0  hours  delay,  128  of  which  were  occaatoncd 
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by  thp  pnssing  of  truiiis.  The  average  api^A  of  this  locomotive 
duriu^  ihp  time  it  was  in  the  hands  of  the  transporlalinn  depart- 
ment was  5.7  M.P.H.  Kerords  kepi  on  the  Southern  Pacific 
Kailroad  *  showed  that  the  time  ronsumed  in  stops  on  "  freifcht 
nins  having  physical  characteristic's  similar  to  the  Wabash  east 
of  Toledo,  varied  from  thirty  i^ei'onJs  to  one  minvite  per  mile 
run  on  sinRle-track  line,  according  to  the  density  of  the  traffic." 
On  the  Whfchnj?  and  Lake  Krie,  a  Une  willi  very  dense  traffic, 
the  time  lost  on  through-frright  runs  averaged  a  little  more 
than  three  minutes  per  mile  run.  While  the  latter  figure  is  ab- 
normally high,  dwi  to  tlie  congestion  of  traffic,  yet  under  ordinarj' 
conditions,  the  time  lost  in  delays  due  to  passing  trains  on  single- 
track  lines  amounts  to  15  or  20  per  cent  of  the  total  running 
tinie.  The  expense  due  txi  delay  of  etpiipment,  counting  freight 
oars»at  45  cents  per  day  each,  and  a  locomotive  at  810  pcT  day, 
together  with  the  cost  due  to  extra  wages  of  train  crews  in  case 
of  overtime,  can  be  readily  efltimated. 

Cost  of  Stopping  and  Starting  a  Train.  The  factors  that 
are  involved  in  the  cost  of  stopping  and  starting  a  train  are 
variable,  and  the  exact  figure  cannot  be  computed,  but  a  siate- 
ment  of  the  factore  entering  into  the  (luestion  will  enable  an 
estimate  to  be  made  for  any  given  conditions.  The  chief  ones 
are: 

a.  Cost  of  fuel. 

h.  Cost  of  water. 

c.  W^ageji  of  crew. 

d.  Wear  on  brake  shoes. 

e.  W'ear  on  tires. 
/.  Wear  on  brake  rigging. 
g.  Wear  on  draft  gear. 
A.  Consequential  delays  to  other  trains. 
t.  Loss  of  revenue. 
j.  Additional  fixed  clmrgcs. 


The  cost  of  fuel  includes  three  items,  (I)  fuel  for  applying 
and  releasing  air  brakt-s,  (2)  fuel  burned  wliile  coasting  and  stand- 
ing, (3)  fuel  burned  in  accelerating  the  train.  From  this  totid 
fuel  should  lie  deducted  the  amount  that  would  be  consumed 

*  Eng.  Nem,  Apr.  4,  1907. 
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in  nonoal  miming  in  order  to  ascertain  the  fuel  cost  ebarge- 
able  to  the  stop. 

Tlie  ordinary  locomotive  air  compressor  uses  al>out  3  to  4 
lbs.  of  coal  per  hour  while  working,  or  about  .001  lb.  per  second. 
A  locomotive  burns  about  1  lb.  of  coal  per  second  while  pulling 
at  the  maximum  rating,  and  perhaps  one-fourth  or  one-fifth 
that  amount  while  standing  or  coasting.  An  estimate  of  the 
amount  of  fuel  burned  wltile  standing  iin<l  coastinK  may  be  made 
from  Table  XXXIII.    The  work  done  in  accelerating  a  train  to 

*    miles  per  hour  is  or  — horsepower  hours. 

Almut  5  llw.  of  coal  are  reciuinMl  [ler  hor^icpower  hour,  heuce  the 
coal  required  for  acceleration  will  be  .WOnTV^  lb.,  T  being 
the  weight  of  the  train  in  tons.  One  pound  of  coal  is  suHicicnt 
to  evaporate  about  7  Ilw.  of  water  ordinarily,  hence  the  water 
used  may  I>e  taken  as  .S4  times  the  weight  of  coal. 

The  amount  of  wear  on  the  brake  shoes  and  wheels  is  small 
for  any  one  stop.  A  brake  shoe  weighs  al>out  20  lbs.  and  will 
last  about  5000  car-miles,  or  perhaps  1000  miles  with  the  brakes 
applied.  Purdue  Univer>iily  tests  showed  that  brake  shoes 
lost  about  1.5  11)8.  per  100,000  ft. -tons  of  energj'  dissipated  by 
liic  brakes.  Hence,  a  reasonable  estimate  would  be,  if  the  stop 
is  assumed  to  Ik*  made  in  one-fourth  mile,  that  to'sq  of  eju^h  slioe 
is  worn  off  at  each  stop.  With  8  shoes  to  the  ear  and  east 
shoes  at  4  cents  jter  pound,  this  would  Ik-  0.064  cent  per  car 
per  stop,  and  prolmbly  the  whi'f'ls  are  riarnaged  an  equal  amount 
and  at  a  somewhat  hifiher  price  for  the  easting. 

In  the  alwenee  of  more  reliable  data,  the  brake  rigging 
may  be  ussmaed  to  be  damaged  an  amount  equal  tu  the  brake 
shoes. 

The  draft  gear  may  give  way  at  one  stop  and  it  may  with- 
stand all  sloi>H  as  long  as  (he  ear  lasts.  However,  on  the  basis 
of  the  average  life  of  draft  gear  and  a  rf>asonabte  assumption  as 
to  the  numlwr  <»f  sto|)s,  pMil>ably  0.2  cent  per  ear  would  be  a 
fair  estimate  of  the  damage  done  (o  draft  gear  at  u  stop. 

No  genenil  estimate  of  (he  loss  due  to  delays  of  other  trains 
occasioned  by  tJiestop  can  lie  funned,  In-'euuM-  suHi  ln.sHes  would 
depend  entirely  on  the  tnilhi-  conditions.  Ttie  iitiniinum  st*tp 
tluit  would  allow  the  I'elease  of  the  brnkes  would  probably  be 
about  one  minute,  making  u  loss  of  1}  minutes. 
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Btunmarizing  tbeie  hme»  for  a  2S0CMon  tnun*  nth  80  cars, 
Rtoppiog  in  }  mfle,  two  miDUte  stop,  aod  reqmnng  tfaiitj  BecooJe 
to  atUio  a  speed  of  23  MJ'^.,  the  fud  coneumed  wxmld  be 
atxnit  aa  follows: 

BrakM. 001X80X30= , 2.4 

Coasting  and  standing. 22.5 

Accelerating  .00017X2500X625 262.0 


Less  30  lbs.  for  normal  running. 


286.9 
30.0 


256.9 


The  coflt  would  then  be, 


Fuel  at  $3.00  per  ton $.400 

Water  at  15c.  per  1000  gals 015 

Crew  wa^es  at  $2.50  per  day .  055 

Brake  sliocs  and  tires 100 

Brake  rigging 050 

Draft  gear 160 

Total ».780 

Fixed  charges. 020 


Total  cost  of  stop $.800 

With  transportation  worth  about  .75  per  ton-mile  and  with 
say  800  revenue  tons  in  the  train,  about  )  mile  could  have  been 
covered  in  the  liine  lost,  hence  the  lost  transportation  would 
be  \  X800X.76  =  S2.00,  leaa  perimpa  $0.25  for  ojieraling  eocpenses, 
or  perhaps  $1.75,  which  would  represent  a  possible  additional 
loen  in  the  event  that  the  equipment  of  the  railroad  were  work- 
ing to  its  utmost  capacity.  Where  the  nature  of  the  freight 
hauled  is  of  a  class  that  produces  a  higher  tariff  rate,  this  loss 
due  to  decr(':i«'<l  cnpaeity  may  be  considerably  increased.  More- 
over, in  handling  live  stock,  a  coriain  amount  of  damage  may 
rctfult  to  the  live  stock  from  the  shocks  involved  in  stopping  and 
starting.  Thuii  the  indirect  costs  of  a  stop  may  be  much  greater 
than  the  din'ct  effect  on  the  cost  of  operating  the  train,  and  under 
ttXtreiuo  conditions  may  make  the  total  cost,  including  direct 


I 


I 


and  indirect  effects,  to  amount  to  four  or  five  dollars  per  stop 
per  tmin. 

Diminished  Danger  Due  to  Additional  Tracks.  C^^ollisions 
are  atwut  the  -only  lyfw  of  art-iiiinit  iluit  may  ba  prevente<i  by 
the  construction  of  wlditionaJ  tracks,  an(]  only  head-end  collisions 
would  be  obviated,  which,  as  a  matter  of  fact,  constitute  a  very 
small  .percentage  of  the  total  aecideuts  of  a  railroad.  In  1912, 
the  proportion  of  passengcrH  killed  in  rollisions  was  18  per  cent 
of  the  total  killed,  and  in  1913  it  was  35  per  cent  of  the  total. 
While  double  tracking  may  dimiuish  the  total  numlx^r  of  head- 
end meetingin,  it  would  have  no  effect  on  the  rear-end  collisions, 
from  which  the  most  serious  accidents  occur.  These  result 
chiefly  from  a  failure  on  the  part  of  the  engine  driver  for  one 
reason  or  another  to  obey  the  signals.  Many  of  the  most  dis- 
astrous accidents  of  this  nature  in  recent  yeai-s  have  occurred 
on  double-track  lines  that  were  fully  equipijcd  with  approved 
block  signals.  It  is  doubtful  if  the  dcrrease  in  danger  of  head- 
end collisions  would  more  than  counterbalance  the  increased 
danger  at  crossingN  and  at  other  places  that  are  inherent  in 
double-track  operation.  However,  there  is  a  general  feeling  of 
greater  security  while  traveling  on  doubli>track  roads,  hence, 
the  moral  effect  on  the  Iraflfic  would  lje  beneficial.  With  the 
same  average  speed  of  trains,  it  is  probable  that  the  danger  of 
collision  on  double-track  roads  is  somewhat  less  than  on  single- 
track  lines. 

Cost  of  Second  Track.  The  relative  cost  of  finst  and  second 
tracks  varies  with  the  conditions,  cliiefly  with  the  character  of 
the  to|K)graphy  over  which  the  original  roadbed  waa  built.  The 
cost  of  track  items,  viz.,  rails,  ties,  faateuings  and  ballast,  is 
obviously  as  much  for  the  second  track  as  for  the  first,  except 
that  the  improved  facilities  for  handUng  these  articles  resulting 
from  the  use  of  the  first  track  will  materially  reduce  the  cost 
of  constniction.  The  cost  of  earthwork  will  always  be  much 
less  for  the  second  than  for  the  first  track,  since  the  yardage 
for  the  side  alopej^  will  not  be  increased  and  the  only  material 
that  will  be  added  will  Iw  that  involved  in  providing  for  the 
extra  width  of  roadway  necessary  for  the  second  track,  or  in 
other  words,  the  depth  uf  fill  multiplied  by  the  distance  between' 
track  centers.  See  Fig.  58.  Not  only  is  there  much  less  material 
to  handle,  but  the  existing  track  enables  the  earthwork  to  be 
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handled  much  more  cheaply  th&n  can  be  done  in  the  originfti 
construction.  Under  ordinarj'  conditions  (fills  and  cuts  not  over 
18  ft.  in  depth),  the  amount  of  earthwork  is  not  more  than  40 
per  cent  of  that  involved  in  the  original  construction,  and  the 
improved  facilities  would  prohahly  enable  it  to  be  handled  at 
85  or  90  per  cent  of  the  original  cost  per  cubic  yard,  hence,  the 


nil  fur  am  track 


FUllor         X 
MCMid  track  V 


Fio.  58.— Additional  FUl  for  Sepond  Track. 


i^rthwork  cosl  under  such  conditions  may  be  about  35  per  cent 
of  tltat  of  the  original  construction.  With  deeper  cuts  and  fills 
the  percentage  grows  less. 

Bridges  and  culverts  may  have  50  to  60  per  cent  added  to 
their  cost  in  providing  the  necessary  width  and  strength  for  the 
second  track. 

Without  di^cusKing  each  item  in  detail,  an  estimate  of  the 
proportional  cost  of  second  track  is  indicated  in  Table   LIE. 

Table  LII 
COST  OK  HKCOND  TRACK 


Item. 


RJKlit.  of  way 

Tormioals 

Bndjtoi  and  Riiiverta, . . 

GradinK • . 

Track  iniilcrials 

Track  luyiug 

riallniirt 

KeiiciuR 

Tclpgraph 

Stationa 

I'lifl  und  water  Blatkms 

KiiKiiiorriiiK 

Gviierul  and  legal 

Lkjuipuiunt 

Total 


Per  Cent  o( 

Wbole. 


100.0 


Pro  portion 

AflfPied  for 

ni>uhlr  Track. 


Per  Ctrnt  til 
Original  Cost 


nhf 


36.4 


i^ 


I 


The  first  column  gives  a  fair  average  of  the  division  of  costs  among 
the  various  iHMiis  of  const i-uct ion,  and  the  cost  of  second  track 
is  estimated  thcnifrom.  This  mode  (if  priHfMhin:  indicates  that 
the  total  cost  of  second  track  is  approximately  36  per  cent  of  the 
cost  of  the  first  track. 

The  above  relation  between  the  cost  of  the  first  and  of  the 
second  track,  however,  may  be  far  from  correct  on  mountain 
divisions,  where  the  additional  width  of  roadway  required  may 
be  olttainable  oidy  at  great  expeiisir.  Double  tracking  moun- 
tain districts  is  usually  so  expensive  that  in  most  instances 
it  will  be  found  advisable  to  invcstifcate  the  alternatives  for 
increasing  the  capafity  of  single  track,  mentioned  at  the  l>eginning 
of  this  chapter,  before  undertaking  the  construction  of  the  addi- 
tional tnuk. 

Cost  of  Maintenance.  Naturally,  as  in  the  original  con- 
struction, the  cost  of  materials  involved  in  the  maintenance  of 
double  track  will  lie  approximately  twice  that  for  single  track 
for  the  same  conditions  ctf  traffic.  However,  with  any  given 
traffic,  the  cost  of  materials  required  to  maintain  double  track 
will  not  be  twice  that  for  single  track,  .since  the  wear  on  rails 
and  to  some  extent  on  ballast,  ties  and  other  track  material 
is  dependent  upon  the  amount  of  traffic.  For  a  given  tonnage, 
the  rail  nuiewals  will  Ih'  nearly  the  same  for  double  track  as  for 
single  track  per  mile  of  line,  perhaps  5  to  10  f)er  cent  more  due  to 
rusting.  Trackwork  is  intnusiHl  somewhat,  but  not  doubted. 
Sections  are  commonly  6  or  7  miles  long  on  single  track  and  4 
or  5  miles  long  on  double  track.  However,  this  ratio  represents 
belter  maintenance  as  the  usual  practice  on  double-track  lines 
rather  tluui  the  actual  relative  difficulty  of  maintenance.  The 
cost  of  maintaining  line  and  surface  is  probably  l>etw<?en  50  and 
75  pi*r  cent  more  for  double  Irark  than  for  single,  but  fence  repairs, 
mowing  weeds,  cutting  bnwh,  ket^ping  up  snow  fences,  protect- 
ing banks,  and  other  work  of  this  class  arc  not  materially  increased, 
the  entire  additional  cost  for  this  item  being  perhaps  10  per  cent. 
Table  LTH  sumniarizes  the  effect  of  second  track  on  mainten- 
ance costs,  from  [which  it  is  seen  that  the  cost  of  maintain- 
ing double  track  is  about  45  per  cent  greater  tliaa  fcr  ainglo 
track. 
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Table  LI II 
CaST  OF  AUIXTENANCK  OF  DOUBLE  TRACK 


llPRl. 


BaDaBt 

TkM 

lUils 

(Hhpr  track  materials. 
Itonriway  and  track. . 
RvtiHivnl  snow,  etc.  . 

Tunneb 

llridKOt),  etc 

Roadway,  tools,  etc. . 


Tcr  C*nt  of 

£sp«iun.  IBM, 


1.77 
lfi.45 
4  66 
6  25 
3fi.70 
1.45 
0.27 
8.95 
1.33 


Proputtino 
Aileeted, 
Per  Cent. 


Con. 
Prr  Crat. 


0  89 
14.81 
0.93 
0.53 
22.02 
1.16 
0.03 
4.47 
0.66 


45.50 


Effect  of  Additional  Tracks  on  Revenues.  Owing  to  a  very 
email  margin  between  total  receipts  and  total  expenditures  in 
railway  operation,  any  agency  for  increasing  gross  revenue 
should  not  be  overlooked.  Furthermore,  it  has  been  repeatedly 
demonstrated  to  be  good  policy  to  provide  additional  facilities 
in  advance  of  the  actual  requirements.  In  arranging  through 
schedules,  minor  feeding  lim-a  give  preference  in  general  to 
those  roads  that  can  take  care  of  the  business  to  the  best  advan- 
tage, and  hence,  double-track  lines  would  l>e  given  preference  in 
routing  traflfic,  and  thereby  increase  revenues  somewhat.  It  is 
impossible  to  state  how  much  double  tracking  may  increase 
revenues,  but  the  improved  facilities  without  doubt  attract  freight 
business  and  the  added  sense  of  security  and  the  greater  speed 
possible  appeal  favorably  to  travelers.  A  study  of  the  growth 
of  traffic  on  all  roads  shows  an  increa.se  in  business  after  double 
track  was  installed,  but  it  is  impossible  to  determine  how  much 
of  the  increase  was  due  to  the  installation  of  second  track,  and 
indeed,  the  second  track  may  have  been  the  result  of  prospective 
business  rather  Ihan  the  cause  of  its  growth. 

Effect  of  Second  Track  on  Operating  Expenses.  Double 
tracking  increases  maintenance  of  way  expenses,  but/*lecreaw« 
transportation  costs.  Table  LIV  gives  an  estimate  of  the  effect 
of  second  track  upon  operating  expenses  when  the  time  lost 
by  freight  trains  is  about  15  to  40  per  cent. 


EFFECT  OF  SECO.ND  TRACK  ON  OPERATING  EXPENSES    363 

1 

^^^                                     Table  LIV 

^^^FFECT  OF  8ECX)ND  TR.\CK  ON  OPERATING  EXPENSES 

^^^H^                 For  Tarious  percontaffea  of  time  Imi  on  sidingji. 

1 

Propnrtion  AffecWx) 

for  Fn  Odi  o(  Time 

Loet. 

Vn  C«nt  of  Operfttini 
Expf  DR«  for  nt  Cent 

uf  Tiiii*  Lort. 

H                         Itun. 

Average 

r 

15% 

30% 

40^ 

1$% 

30% 

«% 

Ballast 

0  33 
3.07 
0.88 
0  0» 

50 

50 
10 
10 

50 
50 

10 
10 

50 
50 
10 
10 

0.17 

1.53 
0.09 
0.10 

0.17 
1.53 
0.09 
0  10 

0.17 
1.53 
0.09 
0.10 

Ties   

RailH 

6. 85 

30 

30 

30 

2.00 

2.06 

2  06 

KenKTVal  of  saov,  etc .... . 

0.27 

50 

50 

50 

0.13 

0.13 

0.13 

0.05 
1.69 
0.40 

20 
20 
50 

20 

20 
GO 

20 
20 
50 

0.01 
0.34 
0.20 

0  01 
0  34 
0.20 

0.01 
0  34 
0.20 

4.64 

4.64 

4.64 

PBgnnl*  uid  iDtcrluclcing. . . 

0  55 

-10 

-10 

-10 

0.05 

0.05 

0  05 

0.33 

0 

-15 

-20 

0 

0.05 

0  07 

9.34 

-10 

-20 

-30 

0.03 

1.87 

2.81 

1  8S 

11  11 

-!0 
-10 

-20 
"20 

-30 
-30 

0.10 
1.11 

0.37 
2.22 

0  56 
3  33 

0.85 

-20 

-30 

-40 

0  17 

0.25 

0.34 

S.B5 

-10 

-20 

-:«t 

0  Sfl 

1.19 

1  79 

1.60 

-10 

-20 

-30 

0  17 

0  34 

0  51 

8.65 

-  3 

-  5 

-  8 

0.26 

0.43 

0  69 

Other  Bup.  locomotive. . . . 

0.90 

-   3 

-  5 

-10 

*  0.03 

0.05 

0.10 

6.40 
1  74 

-10 
-10 

-30 
-20 

-30 

0.64 
0.17 

1.281 
0.35 

1.92 
0.55 

4.31 

8.4Ji 

12.72 

-0.33 

3.81 

8.08 

■          ^^'"""» 

V        Second  track  is  jii.<^tified  when  the  saving  in  fixed  charges  on 

rolUnfc  stock  and  on  sidings  plus  the  saving  in  operating  expense 

which  wimUl  result  from  the  inwtallation  of  second  track  is  p'lual 

to  the  interest  on  the  money  required  to  construct  the  second 

■  trark.       F-^r  nxf»mpIP|   f^Aciimi>  nn   0    inrUmilf  Hi\-i«inn,  fht\  wwrf  nf 

^■■Hond  track  to  hf  $12,000  per  mile  and  of  HicIingH  $8000  per  mile. 

^PBbume  the  Kidincs  ni  15  per  cent  uf  the  total  niileaee  under  mod- 

H  erate  traffic  and  25  per  cent  tuidcr  conditions  demanding  second 

, 

track,  then   10  p<T  cent,  ur  10  iiiilew,  would  n-presenl  the  saving 

^  in  length  of  sidings  due  to  second  track,  the  lesser  amount  of 

^^ 

_^ 

sidings  being  retained  on  the  double  track.  Suppose  that  the 
three  percentagef?  of  time  lost  represent,  for  15  per  cent.  2  pas- 
senger and  5  freiglit;  for  30  per  cent,  5  pa:§ijei)ger  and  10  freight, 
and  for  40  per  cent,  7  passenger  and  18  freight  trains  each  way 
per  day,  then  the  annual  saving  in  operating  expense  with 
double  track,  according  to  Table  LIV,  is  aa  follows; 

For  15  per  cent  lost  time,  $1.76X365X2X7X(-0.33)    =  -S2966 

(loss); 
For  30  per  rent  lost  time,  S1.70x365X2x  15X3.84       =     S7400 
For  40  per  cent  lost  time,  S1.76X3X3t)5X2X50X8.08  =  $52,000 

The  total  saving  might  be  calculated  as  follows: 


lA  P«r  C«til. 

30  P«r  OnL 

to  per  C*€tBt, 

$200,000 
400,000 

$500,000 
SOO.OOO 

$T(lt>,0(H) 

1 ,440,000 

600,000 
10 

1,300,000 
20 

2,140,000 
30 

60,000 

260,000 
40.000 

642,000 

80,000 

ToUl 

60,000 
6 

300,000 
6 

722,000 
A 

3,600 
-2,9G5 

18,000 
7,400 

43,320 

52,000 

Total  8A\^ng 

$635 

$2S,400 

S95.320 

The  last  amount  espiiaUzcd  at  6  per  cent  would  be  $l,5tH),000, 
which  would  probably  be  suflicient  to  construct  the  second, 
track. 

From  the  above,  it  is  seen  that  muler  normal  conditions  of 
tiaflic,  that  (8,  with  a  time  loss  of  15  to  20  per  cent,  the  mainte- 
nance of  way  expenses  may  be  increased  perhafw  25  jxt  cent, 
but  econoniii's  in  aiiiducling  trans[>(>rlation  make  the  total  in- 
crrasu  in  optirating  cxp<'nses  not  more  than  possibly  2  to  5  per 
cent.     If  the  loss  in  time  for  freight  trains  at  passing  sidings  ia 
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grpfltpr  than  this,  tho  transport Jil  ion  expenses  ineruLso  rapidly, 

and  when  tho  tirae  lost  amounts  to  atKiut  40  per  cent  of  the  time 

on  the  road,  the  saving  in  opcratiiiK  oxpc!ts(*s  is  about  sufficient 

to  pay  the  fixed  charges  on  the  cost  of  conntructing  the  secMud 

track. 

Over  a  100-mile  division,  for  example,  with  pussing  sidings 

5  miles  apart  aud  the  s|Kwd  of  freight  trains  20  M.P.H.  Ixitwoeu 

stations,  the  time  lost  for  half  of  the  trains  would  be  about  15 

minutes  for  eaeh  train  paijsed.    Aesume  eight  hours  as  the  time 

rwiuinxl  to  run  over  the  division,  -10  per  cent  of  which  would  bo 

192  minutes.     If  the  traffic  density  for  this  eight  hours  ia  twice 

l5iV 
the  average  for  the  day,  tiien  — —  — 192,  or  .V  =  26,  approximately! 

trains  each  way  per  day,  making  a  total  of  52  trains  before  the 
second  tniek  is  justified. 

When  the  Krie  U.  It.  installed  second  trark  between  Meadvjilc 
and  Corrj',  it  eliminated  alxiut  1100  engine-hours,  or  forty- 
eight  engine-days  per  month.  Uniier  .single-trark  conditions, 
the  average  delay  between  terminal-s  was  two  hours  and  thirty- 
four  minutes  for  manifest  freight,  and  three  hours  and  fifty- 
three  minutes  for  ordimiry  freight  e.<ufthnunfl,  and  two  hours 
and  four  hours  and  thirty-five  miimtos  for  manifest  and  ordinary 
freif^t  respectively  westboiintl. 

Practical  Limit  of  Single  Track.  In  the  Railiratf  and 
Engineerirxg  Kei'icw,  March  15,  1902,  occurs  a  symposium  on  the 
limit  of  single  track  from  which  the  following  is  extnictwl: 

"  It  might  be  considered  necessary  to  double  track  a  road 
when  the  time  of  getting  trains  over  the  line  is  twice  jis  king — 
caused  by  meeting  trains  and  allowing  superior  ones  to  pass — 
as  it  would  be  were  there  no  trains  to  contend  with  whatever. 

"  A  railroad  should  not  be  double  trarked  until  it«  gradce 
and  curves  liave  been  reduced  to  the  lowest  practical  Umit; 
the  roadbed  thoroughly  ballastwl  and  equipjM^d  wirh  80  l-o  100-Ib, 
rails;  the  limit  in  weight  and  capacity  of  [wwer  for  economical 
freight-train  operation  supplied;  and  passing  sidings  of  sufTicient 
length  to  accommodate  two  of  the  longest  trains,  which  sidings 
should  be  apannl  G  or  7  miles  apart  and  arranged  so  that  they 
will  form  part  of  Ihe  Hccond  track.  Then  when  tlie  trafBo 
justifies  the  running  of  over  IK  trains  in  each  din^ction  daily, 
or  one  train  every  ninety  minutes,  the  second  track  should  bo 
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put  in,  ospecinlly  if  the  traffic  is  regular  throughout  the  year,  or 
for  a  pcritHi  over  four  uionths. 

"  Fifty  trains  rould  I»  handled  each  way  on  a  division  suc- 
oeesfuUy,  not  to  exceed  100  to  110  mileB,  where  everything  ia 
favorable,  such  as  weatlier.  Rrades  not  too  he-avy  and  long, 
engines  properly  rated  and  in  good  condition,  track  in  good 
shape,  water  tanks  at  least  every  20  miles,  good  long  side^ 
truck»  not  over  6  miles  apart,  capable  of  holding  any  two  of 
these  trains. 

"  In  a  general  way,  a  road  having  GO  trains  in  twenty-four 
hours,  even  with  ample  side-track  facilities,  and  an  average 
proportion  of  passenger  trains,  should  W.  considered  as  requir- 
ing double  track.  Of  course,  if  there  were  many  fast  through- 
passenger  trains  and  fast  through-freight  trains,  it  would  likely 
be  found  to  be  advisable  to  provide  double  track  when  the  number 
of  trains  reaches  fifty." 

An  instance  was  cited  where  70  trains  per  day  were  handled, 
10  of  which  were  passenger  trains,  over  a  single-track  road. 

In  Engineering  News,  Sept.  14,  1905,  the  following  statementa 
were  given  out  as  tlie  practice  on  two  railroads,  indicating  the 
number  of  trains  daily  that,  would  justify  double  track: 

On  the  Pennsylvania  Railroad,  (K)  trains  with  20  per  cent 
passenger  trains  were  defined  suflicient  to  justify  double  trat^k. 

On  the  Union  Pacific  Ilailroad,  50  trains  were  considered 
the  hmit  of  single  track. 

In  athlition  to  the  above  considerations,  it  should  Iw  noted 
that  owing  to  the  fact  that  during  the  period  of  construction  of 
the  second  track,  many  extra  work-trains  will  have  to  be  handled, 
it  is  advisable  to  begin  double-track  work  some  time  before 
the  limit  of  the  single  track  is  reached.  Fig.  59  shows  traffic 
density  in  train-miles  per  mile  of  line  annually  plotted  against 
percentages  of  additional  track  for  a  number  of  roads  in  the 
United  StJiles. 

More  than  Two  Tracks.  Increased  weight  of  traflBc  may  give 
rise  to  condiliona  that  would  justify  tlirce,  four,  or  six  tracks.  A 
third  track  is  built  chiefly  as  a  relief  track  over  heavy  grades  for 
the  slower  freight  trains  in  order  that  the  faster  trains  in  the 
upbound  din^ction  may  pass  the  .slow  trains  without  the  loss  of 
time  on  the  part  of  either.  Tiie  density  and  conditions  of  traffic 
that  will  justify  the  third  track  can  be  arrived  at  in  a  manner 
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similar  to  that  outlined  in  the  preceding  paragraphs.  The 
third  track  will  cost  about  the  Bamc  proi>ortion  of  a  single  track 
or  a  litltc  less  than  the  seeoml  track  doea,  and  the  propor- 
tionate nmint^nanrc  expenacg  will  he  approximately  similar. 
The  saving  effected  by  means  of  the  third  track  consist  of 
those  econoniies  depending  upon  the  decrease  in  lost  time  on 
the  part  of  both  pji,«!senger  and  freight  trains,  such  aB  less 
fuel,  diminished  train  crew  wages,  greater  usefulness  of  equip- 
ment, etc. 

Four  tracks,  one  for  passenger  and  one  for  freight  traffic  in 
each  direction,  are  provided  on  those  railroads  carrying  a  very 
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Flo.  69.— Traffic  Deiutity  and  Additioiml  Main  Tracks. 

dense  and  diversified  traffip.  Suburban  lines  out  of  large  cities 
ordinarily  have  tracks  for  suburban  trains  separate  from  those 
used  by  the  through  trains.  In  some  instances,  through  and 
local  tracks  are  pmWded  in  each  direction,  making  a  total  of 
six  tracks.  Where  limited  through  trains  are  operated  between 
termini,  four  tracks  are  CTpccially  advantageous  in  allowing 
such  trains  to  maintain  (he  maximum  speed.  Four  tracks  con- 
stitute one  stop  further  in  separating  the  traffic  in  each  direc- 
tion and  providing  a  separate  track  for  each  class  of  trains. 
The  conditions  under  which  four  or  more  tracks  are  juatiHed 
have  not  become  general  in  America,  and  perhaps  wUl  not  for 
many  years,  unless  steps  Ik'  taken  to  arrange  main  trunk  lines 
with  outlying  railroads  m  feeders. 
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Traffic  Density  on  American  Railroads.  Many  que»tions  of 
railroad  location  Hopptul  upon  the  density  of  the  traffie  to  be 
carriwl.  The  average  traffic  density  for  the  I'nitcd  States  in 
1913  was  1,220,000  twna  per  mile  of  line.  Tlio  average  num- 
ber of  trains  over  all  the  roads  was  5000  for  the  same  year,  or 
nearly  14  iht  day  over  each  mile  of  road.  Below  are  given 
the  density  of  traflic  on  a  number  of  busy  single-track  railroads 
of  the  United  States. 

Ttnln-miW 
pvr  Mil* 
lUilroad.  ot  Liuh. 

Cleveland,  Akron  &  Cincinnati 3200 

Grand  Hapids  &  Indiana 3380 

Vandalia 6820 

Lake  Erie  &  Western 3670 

Toledo  and  Ohio  Central 6280 

Wa!im*h 6480 

Chicago,  Indianapolis  &  Ixjuisville 5620 

Toledo,  St.  Louis  &  Western 4980 

Atlantic  Coast  Line ,. , . .  3810 

Louisville  &  Nashville 6120 

NHshville,  Chattanooga  &  St.  Lnuls 5730 

Central  of  Georgia 3610 

Southern. 4880 

Southern  Pa(;ifie  (9%  double  track) 3500 

Chicago,  Burlington  &  Quincy  (9%  double 

track) 3990 

Colorado  &  Southern 3100 

Minneapolis,  St.  Paul  A  Sault  St-e.  Marie    .    .  3020 

Atchiflon,  To[K'ka  &  Santa  Ke  {*i%  doulilc  trk.)  4500 

Oregon  Short  Line 3630 

Chica^  *  Northwestern  (9%  double  track). .  5030 

ChicE^o,  Minneapolis  &  Omaha 4830 

Chicago,  Koek  Island  &  Parifir 4520 

Chicago,  Mil.  &  St.  Paul  {9%  double  track). .  4430 

Great  Northern 3110 

St.  Louis  A  San  Francisco. 2780 


Table  LV  gives  the  traffic  density  on  a  number  of  roads  having 
two  or  more  tracks. 
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LonK  liliuid 

M  ioUif^n  (  Vnt  ml ; 

Philu.  Il«lt.A  Wash.... 

Bah,  &  Ohio 

Central  of  N.J 

IVl,  Uck.  A  Went 

I^lii^ti  V'l&lk'V 

Del.  &.  Hudw'in 

Huff.,  Itoch.  &  Pittsburg. 

111.  Central 

Nurfulk  &  W'fslem 

Chesapeake  &  Ohk) 

Union  Padiic 

Chicugo  A  .-MioQ 

PtMuwytvuiiiu 

Nnr  York  Cent.  A  H.  R. 
LAkef%ore  A  Mich.  S.  . 
Pittebiirgdc  l.j»ke  Erie. 
New  York,  N.  Hav.  A  H 
FhiU.  &.  Heading 


35 
33 
35 
28 
39 
56 
42 
38 
M 
10 
21 
25 
20 
19 
30 
42 
35 
73 
41 
39 


23 
11 
13 
23 
7 
10 


15,600 

7,300 

13,200 

9.000 

14,000 

13,300 

9,560 

9,820 

7,300 

0,730 

7,990 

6,280 

5,180 

7,060 

15,200 

14,000 

11,000 

13,500 

12,200 

10,500 


Additional  Main  Tracks  in  the  United  States.  Most  of  the 
trunk  liiif^H  of  the  o:kiti-rti  portion  of  tlio  riiitcd  Statoj^  have  two 
or  more  tracks  and  The  trunk  lines  hctween  Chicapo  and  New 
Yoric,  bclwocn  St.  I^ouis  anti  Cliieago,  and  between  St.  Louis 
and  eastern  puinU  have  douhle  track.  Generally  Bpealtinf;,  th^ 
ruad»  extending  west  of  Chicago  are  just  now  attaining  thai  density 
of  traffic  that  justifies  double  track.  Table  lA'I  indicates  the 
mileage  of  additional  main  tracks  in  the  various  luLersLate 
Conunercc  Coumiissiun  groups  iu  the  United  States, 
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Table  LVI 

mitjjage  of  additional  tracks  in  the  united  states 


Oratip  Covered. 


Single 

Track. 
Mi1ei. 


Soeand 
Traok, 
MLIm. 


Tbird 
Track , 
Miles. 


Fourth 
Tracfc, 
Milea. 


Tracks 
and 

Sidings, 


ToLkL 

AU 
TrH^fca. 
Mi  Ira. 


L   Me.,    N.   H,,   V(..    Maw.. 

II.  I.,  and  Conn.  .... 

II.  N.  V-.  N.  J.,  Pcuii,  Del.. 

Aid.,  and  DiRt.  of  Co). 

III.  Obi,    Ind.,  and  9o.  Pen. 

of  M'lcii 

IV.  Va-,  W.  Va..  N.  C.  and 

s  c 

V.  Gn,;     FIb,"  k/.,"    Te'nn., 
Aid.,  aad  Miss.. ...... 

VI.  ni.,  U.,  Wla.,  Minn.  Abd 
pnrla  Mich.,  Mo.,  N.  D. 

and  5.  D 

VII.  Neb,.   Mijnt..  Wyo.  aod 
partB  of  CoId..    N.  D. 

sad  S.  D.  . 

VII!.  Kan.,    Ark.,    Oklo.    and 
parta    ol     Mc).,     Colo., 

Tci..  and  N.  M. 

IX.  Lb  ,  Tes.  C«cept  Pim- 
haudl^)    acid    parta   ol 

N.  M 

X,  Waih..  Ore  ,  Cal,.  Ida.^ 
Ncv.,  ULab,  An*-,  uiil 
parti  N.  M . ,. 


tJnitcid  StalM. 


1913 
18&0 
ifil3 

laeo 

1913 
1990 
1^13 
laSKI 
1913 
I89tl 

1913 

isisa 

1913 
1890 

1913 

1913 
1890 

11)13 
IfidO 

1690 
1913 
I9I4 


7,849 
7.425 
22,309 
17,237 
26,087 
20,903 
14,953 
8,858 
2S,7M 
15,877 

49,819 
3«,ig8 

1S.4D3 
8,807 

30,013 
21,173 

16,811 
7,98& 

34,040 
!0.e3o 

156,4[>4 
253.470 
256,647 


1.603 
1.24:S 

7,&16 
*.945 
£,&£& 

i.ois 

1,514 

26 

616 

4 

4,295 
1,012 

1,439 
13 

2,394 
93 

126 


45 

S.437 
2«.:t20 
2r,0«(i 


142 

20 

1336 

6ft4 

12 

16 


216 

fi4 


2& 


21 

2 


Too 
2,000 

2aoa 


132 

19 
1015 
507 
191 


140 
31 


15 


661 
1.314 
2071 


3,9  m 

2.399 
17.«5 
7..W3 
15.130 
8,179 
5,412 
1,115 
7.4M 
2.149 

17,584 

7.594 

15.947 

1,307 

1I.0B5 

3.tit 

4.371 

ess 

6.787 
1,3B7 

33.711 
94.743 

98,285 


13,643 
11,120 
40.711 
30,B9V 
4S.173 
28,145 

9.799 
33.804 
18.300 

72,054 
46.890 

2^,823 
1D.127 

49.6^1 
24.3S0 

21,316 
8,024 

31.653 
11. SOT 

199.37fi 
307.05B 
387.208 
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Development  of  Electric  Interurban  Railways.  Electric 
Imctiou  was  injiuKuratwi  in  thn  lattpr  part  of  the  last  century 
and  developed  with  marvelous  rapidity  in  the  auceeeding  yeArs, 
although  it  was  not  until  the  first  years  of  the  present  century 
that  the  building  of  electric  interurban  lines  became  general. 
The  first  lines  built  frequently  followed  the  public  highway, 
and  adopts  curves  and  gradients  that  precluded  their  enter- 
ing into  the  geneml  competitive  field  of  railway  transportation. 
More  recently  constructed  limw.  however,  have  undertaken  to 
purchase  their  own  right  of  way,  to  build  their  own  roadbed  and 
bridges,  to  use  gradients  and  curves  that  will  permit  high  speed 
and  heavy  hauling^  and  lut  a  conisequcnee  have  become  real 
factors  in  the  transportation  scheme  of  the  country.  In  late 
years,  freight,  baggage,  express  and  mail  are  carrie<l  by  some 
lines,  and  well-equipped  passenger  coaches,  including  sleeping 
cars,  are  now  in  use  on  several  int<?rurban  railroads. 

Character  of  Traffic.  Up  to  the  present  time,  the  traffic 
OD  electric  interurban  railways  has  l>een  chiefly  passenger  travel, 
and  it  is  probable  that  in  the  future  the  greatest  usefulness 
of  this  clai-s  of  railways  will  be  found  in  this  connection.  How- 
ever, freight  and  express  rnay  doubtless  Iw  carried  under  certain 
conditions  with  profit.  At  the  present  time,  about  8  to  10  per 
cent  of  the  gross  revenues  of  electric  interurlmn  railroads  are 
derived  from  transiwrlation  other  than  passenger.  For  the 
most  part,  the  scr^ncc  has  been  local  in  its  nature,  although  the 
more  extensive  inteiurban  systems  are  operating  through  trains 
with  stops  every  ten  to  fifteen  miles  in  addition  to  tlic  local 
trains,  which  make  stops  about  every  two  miles. 

The  passenger  traffic  is  drawn  from  the  larger  cities  which 
constitute  the  terminals  in  a  way,  from  the  Intermediate  smaller 
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towns  and  from  tlie  rural  reRions  aNinR  the  riRhi  of  way.  Owing 
to  the  small  loss  of  time  involvrd  in  a  stop  Hue  to  rapid  deceler- 
ation and  acceleTatioii,  and  to  the  low  cost  of  stoi)e  generally, 
points  for  admitting  and  discharginf;  paj^sengers  may  be  estab- 
lished at  frequent  intervals.  The  farming  population  eau  be 
counted  on  to  patroni/x'  the  road  for  iM;rhaps  two  miles  on  either 
side  of  the  right  of  way  under  normal  conditions,  i.e..  unless  some 
barrier  such  as  a  large  stream  or  a  steep  hill  prevents.  To  a  great 
extent  the  character  of  the  towns  will  indicate  the  thrift  and 
degree  of  prosperity  of  the  tributary  farming  districts.  The 
local  traffic  between  the  towns  and  the  country  regions  will  be 
that  which  results  chiefly  from  shopping  in  town  and  the  marketing 
of  small  produce. 

From  a  study  of  interurbari  traffic  resulting  from  a  number  of 
years  of  intimate  experience  in  this  connection,  Mr.  L.  E.  Fi.»!cher 
states  the  following  thrt*  principles  for  intcrurban  railroads 
serving  *'  normal  territory":  * 

1.  The  length  of  the  road  and  the  amount  of  operating  revenue 
(per  railn)  hav(!  uo  direct  relation  to  each  other. 

2.  The  size  of  primarj'  terminals  has  no  material  efifect  upon 
the  amount  of  operating  revenue. 

3.  Approximately,  the  operating  revenue  varies  directly  with 
the  aggregiitc  of  the  intermediate  tonii  and  village  popular 
tion. 

Electric  interurban  railways  serve  chiefly  the  needs  that  arise 
from  the  commercial  relations  that  exist  Ixstween  a  city  or  a 
town  and  its  tributary  population.  In  the  case  of  a  large  city 
with  wholesale  mercantile  establishments,  this  tributary  popu- 
lation consists  of  the  smaller  towns  surrounding  it  as  well  as  the 
adjacent  rural  population,  and  for  smaller  towns  the  tributary 
population  consists  of  that  in  the  nearby  rural  regions. 

Effect  of  Motor  Vehicles  on  Traffic.  In  future  years,  as 
the  public  highways  bcconu:  uiuri-  and  more  improved,  the  auto- 
mobile is  destined  to  compete  seriously  for  much  of  the  short 
haul  traffic  that  is  being  taken  care  of  at  present  by  the  inter- 
urban. The  greater  ninifort  and  convenience  of  the  automobile 
make  it  a  very  attractive  mode  of  transportation.  However, 
for  the  longer  rides,  the  automobile  can  scarcely  compete  on  a 
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strictly  economic  basis  with  (he  electric  interurban  railway. 
The  initial  investment  is  high  and  the  rat*  of  depreciation  rapid, 
and  the  mileage  covered  jht  day  is  not  large,  even  by  auto- 
stoges  that  are  suppose<I  to  be  in  continuous  use,  and  it  is  much 
leas  for  privately  ox^Ticd  cars.  The  fixed  eharRes  on  a  $1000 
automobile  amount  to  about  fiO  cents  per  day,  and  these  fixed 
charges  arc  alnoost  independent  of  the  amount  of  use  mado 
of  the  machine;  repairs  amount  to  probably  16  cents  per  day 
additional.  Privale  cars  are  run  probably  1.5  miles  per  day  on 
the  average,  and  regular  auto-stapes  perhaps  50  miles.  This 
would  make  5  cent*  per  mile  for  I  hew  charges  alone  for  privately 

Iott-ncd   cais,   and   the  cost    of  fuel,  oil,  and  incidentals  would 
probably  add  from  3  to  1  cents  more  per  mile,  making  a  total 
of  about  ft  cents  per  car-mile  a«  the  lowpst  estimate  that  could 
b^  expected  for  riding  in  a  private  car.    'Ihe  average  number  of 
passengers  in  such  a  ear  would  not  be  more  than  three,  resulting 
in  a  cost  of  3  tvuts  per  passenger  niile  as  the  lowest  possible 
H   estimate.      For  auto-stages,  the  cost  would  be  sonjewhat  leas 
'    owing  to  the  greater  mileage  ma<le,  but  owing  to  greatly  increased 
repair  charges  the  cost  would  not  be  much  lower.     As  a  matter 
H  of   fact,  uuto-stages  commonly   charge    rates   Ihjit    amount  to 
^  o  to  10  ccntj^  per  pa.ssenger-mile.     Automobiles  that  do  a  regular 
transportation  business  should  Ix;  taxed  additionally  to  defray 

I  the  exfM-nse  Incurred  in  the  extra  maintenance  uf  tlie  highways 
u.ied,  and  such  taxation  would  add  to  the  cost  of  this  mode  of 
traiisp<u'tation. 
WTiile  autumobiles  cannot  lie  made  undi-r  present  cnnditionB 
to  compete  trei»nomieally  with  the  electric  interurban,  never- 
tbelns  they  are  eanying  a  considerable  {mrtion  of  the  short- 
haul  travel  that  formerly  was  taken  care  of  by  the  interurban 
railways.  This  i-niidition  results  from  the  added  convenience 
and  comfort  incident  to  this  mode  of  travel. 
H  Rolling  Stock.  Since  the  traffic  of  interurlmn  lines  is  now 
and  priibalily  will  continue  to  l>e  cnmjKwed  chiefly  of  pa.ssengcr 
transportation,  it  is  es^efltiitl  that  the  cars  should  I)c  attractive, 
H  comfortable  and  comnuHlinus.  The  usual  type  of  ear  is  similar 
to  the  steam-roail  [>asH«»nger  coach,  but  is  of  much  lighter  con- 
struction. The  following  dimensions  and  properties  are  typical 
of  the  ordinary  interurban  car: 
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Length  over  all 53  ft.  3|  ina. 

Lcnprth  over  body 48  ft.  5  ins. 

W'iiilh  over  all 9  ft.  10  ins. 

Height  over  all .  14  ft.  4  ins. 

Weight  of  tnicks 8  tons. 

Weight  of  car  complete 40  tons. 

Distance  between  truck  centers 32  ft.  6  ins. 

Wheel  base  of  truck.  7  ft. 

Diameter  of  wheels .30  ins. 

Seatinfi;  capacity .50 

Some  of  the  coaches  are  of  the  combmation  coach  and  baj^age 
nr  exprp«R  typ**,  while  rtome  are  eon.strmted  as  separate  express 
cars.  Since  the  freight  on  such  lines  is  chiefly  confined  to  the 
package  class,  it  is  commonly  carried  in  the  express  cars  without 
special  provision  for  the  s-ime. 

General  Features  of  Location.  The  location  of  electric 
interurban  lines  ilifTerH  from  the  location  of  steam  roads  in 
several  respects: 

1.  The  characteristics  of  the  motive  power  used  are  very 
different.     (Cf.  Ciiaplers  YIII  ami  IX.) 

2.  The  facility  with  which  electric  cars  pass  around  curves 
permits  much  sharper  curves  and  more  curvature  to  be  used 
with  prnpriety. 

3.  The  li|i;ht  trains,  usually  consisting  of  one  or  two  cars, 
permit  much  heavier  grades  to  be  employed,  since  the  power 
nHjuired  ran  be  applitnl  or  shut  off  as  the  conditions  demand. 

4.  Economy  in  power  is  effected  by  a  constant  load,  although 
comparatively  light,  rather  than  heavy  intennittent  loads. 

5.  The  principle  of  momentum  grades  is  more  reiidily  adapted 
to  .such  ,ser\'ice  than  to  ateam  railroad  operation,  iK'cause  there 
is  no  direct  consumption  of  fuel  while  coasting  and  the  power 
can  be  readily  ishut  off  or  applietl  as  needed,  and  because  of  tJie 
lightness  of  the  trains. 

6.  Becatisc  of  the  above  facts,  tt^cether  nith  the  greater 
facility  in  braking  and  in  picking  up  sjieed.  inlenirban  lines 
can  profitably  In*  made  In  follow  the  natural  topograph}'  to  a 
much  greater  degree  than  can  steam  roads. 

7.  The  (oration  should  \hi  made  with  respect  chiefly  to  the 
needs  of  local  traffic,  simI  with  the  idea  of  transporting  people 
to  or  from  a  town  rather  than  to  or  from  any  particular  town. 
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8.  Terminal  arrangements  in  the  largor  cities  usually  involve 
the  use  of  local  street-car  lines,  thus  permitting  the  interurban 
cars  to  enter  the  main  business  district  of  the  city. 

9.  For  various  rea-iims,  aXopn  cjin  bo  made  much  more  con- 
veniently and  cheaply  than  on  t^tcam  roads,  the  cost  of  a  stop 
on  an  iuterurban  line  being  [>crhaps  5  cents  for  power  and  an 
equal  amoimt  for  lost  time,  wear  of  equipmeut,  etc. 

10.  The  power  available  for  the  whole  line  is  a  constant 
quantity,  depending  upon  the  capacity  of  the  power  plant, 
and  the  amount  of  power  available  for  any  one  traixi  la  beyond 
the  control  of  the  crew  of  that  train,  depending  upon  the  de- 
mands oil  the  power  supply  by  other  trains. 

n.  The  initial  investment  in  power  plant,  tranamisaitm  lines, 
etc.,  is  relatively  high,  making  fixed  charges  correspondingly 
high,  Imt  the  cost  of  oi>eration  is  relatively  low. 

As  in  steam  railway  location,  distance  and  curvature  are 
of  much  less  importance  than  steep  grades.  Since,  however,  the 
total  quantity  of  power  available  at  the  power  house  is  con- 
stant, the  train  service  should  l»e  so  regulati-d  by  the  dispatching 
of  the  trains  at  proper  intervals  to  make  as  nearly  aa  possible 
a  constant  <lnift  on  the  jxiwer.  By  varying  the  Iwration  of 
meeting  points  with  respect  to  sumnuts  and  sags,  the  trains 
can  Ix"  operated  so  that  they  will  not  be  all  going  up  grade  or 
accelerating  at  the  same  time,  but  so  that  some  oti  the  up  grade 
will  be  able  to  utilize  the  power  released  by  others  on  the  down 
grade.  Thua  meeting  point.s  and  stops  should  be  arranged  so 
as  to  fiermit  a  maxinmm  tmmlter  of  trains  to  be  operated  with 
a  minimum  power-plant  capacity. 

Stops.  In  general,  stops  for  recei\*ing  and  discharging 
passengers  can  be  much  more  easily  and  cheaply  made  on  electric 
than  on  steam  road».  The  dead  weight  requiring  acceleration 
and  deceleration  is  comparatively  small,  and  the  braking  power 
and  accelerating  power  are  relatively  high.  On  interurban  roads, 
the  rate  of  acceleration  is  1  to  1 J  miles  per  hour  per  secondi 
and  the  common  rate  of  deceleration  is  alwut  1^  to  2|  miles  per 
hour  per  second.  This  rate  is  about  four  to  five  timea  that  of 
through  passenger  steam  trains  and  about  two  to  three  times 
that  of  local  steam  trains.  Tlie  usual  frequency  and  length  of 
Stops  for  passenger  trains  are  about  as  follows: 
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BtofM.  MtU-n. 


Through  steam  iniiiis 

KxprPM  dteiim  trairw 

Senii-lwftl  mteam  Iroiiis..  . . . 

Local  steam  traiiui. 

fiuburbao  Bteam  traius ... 
ThrouRli  el&ctru;  infcruriKin. 
Express  pleclric  int^^nirimn. 
Ltictil  flvetric  uilvrurbou. . . 
lUpiti  tmiuiil 


Tiinp  o(  Stop. 


5  fnin. 

3  tiiin. 

3  loin, 

2  mm. 

1  mia. 

1  min. 
30  see. 
20  ace. 
10  sec. 


The  lenRlh  of  stop  for  electric  tiaiiis  without  baggage  or 
express  depends  upon  tlic  rale  at  wliirh  passengers  enter  and     ^ 
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leave  the  cars.  The  curves  of  Fig.  60  arc  averages  taken  from 
obser\'ation9  described  by  Mr.  R.  W.  Harris  •  and  indicat-e 
the  time  required  per  piiKsenger  for  loading  and  unlaa<liiig  cars. 
Where  no  baggage  or  express  is  handled,  the  time  of  stop  need 

*  Truu.  A.  I.  £.  £..  1910. 
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not  be  longer  than  that  required  for  the  unloading  and  receiv- 
ing of  passengers.  This  time  can  be  reduced  by  providing 
larger  dfMirwiiy  f<jr  exit  and  cntraiiee. 

Traction.  The  eliief  chaiac  ten  sties  of  electric  traction  have 
been  discussed  in  another  chapter,  and  brief  mention  only  need 
be  made  liere  of  thi;  features  of  electric  traction  that  are  more 
or  less  p(»euliar  to  inierurhan  railroads.  In  this  kind  of  ser^'ice, 
the  motors  arc  invariably  on  the  cars  themselves,  an  arrange- 
ment that  obviates  the  necVssity  of  ojK'rating  a  separate  elec- 
tric locomotive.  The  nominal  rating  of  an  electric  railway 
motor  is  the  mechanical  output  at  the  ear  axle,  measured  in 
kilowittt^,  which  causes  a  rise  in  temperaturr  above  the  sur- 
rouudiug  uir  not  to  exceed  90**  C.  at  the  commutator  after  an 
.hour's  continuous  run  at  its  rated  voltage  (and  frequency,  in 
the  case  of  alternating  current,  nintors)  on  a  stand  with  the 
motor  covers  arranged  to  secure  maximum  ventilaiicm  without 
external  blower.  The  rating  is  sometimes  expressed  in  kilowatts 
and  sometimes  in  horsepower,  cme  horsepower  lieing  0.746  kilo- 
watt. The  character  of  motor  requued  depends  upon  many 
factors,  among  which  may  be  mentioned: 

1.  Weight  and  number  of  cars  in  train. 

2.  Diameter  of  driving  wheels. 

3.  Weight  on  driving  axles. 

4.  Voltage  at  the  train  with  power  on  motors. 

5.  Desired  rate  of  acceleration. 

6.  DistanceH  Wtween  stations. 

7.  Duration  of  station  stops. 

8.  Schedidwi  six-ed. 

9.  Train  re.'iistancc. 

10.  Pnifde  and  alignment  of  track. 

11.  Character  of  roadbed  an<l  track. 

12.  Frequency  of  service,  involving  the  time  of  layover  at 
the  end  of  tlie  runs. 

■  Experiments  indicate  that  for  ordinar>'  passenger  cars  the 
energ>'  required  per  pa«senger-milo  is  leas  for  trains  consisting 
of  six  cars  or  less  for  electric  service  than  for  steam  trains.  The 
actual  energy  used  in  one  series  of  testa  for  three  distances  waa 
as  follows,  using  53,(XK)-lb.  cars  and  50  h.p.  motors:  * 

*  "  Electric  niiilwa^  Ilaadbook,"  A.  S.  Ilicbey. 
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[dctnrmination.    The  commonly  quoted  formula  desired  by  Mr. 
[W.  J.  Davis  as  applied  to  intcrurban  trains  is 

R  lieinK  tho  train  raaistanro  in  pounds  per  ton; 

V,  the  vplocily  in  miles  per  hour; 

W,  the  total  weiRht  of  the  train  in  tons; 

n,  the  nmulmr  of  cars  in  the  train; 

0,  the  area  of  cross-section  of  a  car  iu  square  feet. 

For  ordinary   interurban   cars  with  about   100  sq.  ft.  cross 
)n,  this  formula  liecomes 

fl-4+O.I3K+5:^[H-0.1(n-I)J. 


The    University   of    Illinois   experiments  *     for   one   45-ft., 
car,  gave 


fl- 4-0.2221^ 


.0018laF» 


H' 


Many  other  formulas  have  been  proposed,  but  it  is  not  deemed 
[necessan,'  to  HkI  them  here. 

Acceleration.  The  general  principles  of  acceleration  of 
[trains  have  I>een  Htuiliefl  in  a  previous  chapter.  It  will  be 
, recalled  that  after  a  train  has  lx*n  brought  up  to  speed,  it  has 
^stored  in  it  a  cert-ain  amount  of  ener^,  »  portion  of  which  exists 
by  virtue  of  the  translatory  motion,  and  the  remainder  (about 
h  per  cent)  due  to  the  rotation  of  the  wheels.  For  electric  ears 
with  heavy  motors,  about  7  to  12  per  cent  of  the  total  energy 
is  possessed  by  the  rotating  wheels  and  amiaturcs.  As  indicated 
previously,  the  possible  rate  of  acceleration  of  electric  care  is 
greater  than  that  of  stoam  trains,  and  in  general  may  be  made 
any   rate   desired   within   (Tcrtuin    limits.     The   rate  adopted   is 

Cit  upon  the  coiufttrt,  of  the  patwngers,  the  character  of 
)meut  and  tlie  power  available.     Uatea  of  acceleration 


*  Bull.  No.  74,  Univ.  of  IU.  tilng.  Exp.  Sto. 
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commonly  adopted  and  which  reprearat  apptcudmfttely  tbe  nwit 
ecooomical  rates,  are  about  aa  foUoire: 

Stma  locomotives,  freight  serricc 0. 1  to  0.2 

8te&m  locomotivps,  paaenger  B»^'ice . . .  0.2to05 

Electric  locomotives,  passenepf  sen-ice.  0  3  to  0. 6 

Electric  interurban  cars.  0  8  to  1.3 

Gradients.  The  soJection  of  proper  gradienta  for  inlerurban 
railwa>'H  in  baaed  ou  enlircly  different  priuri|des  from  those 
gOTcrning  the  choice  of  grades  for  steam  road?.  Electric  intcr- 
urhan  roads  are  built  mainly  for  comparatively  liftlit  traim. 
The  grades  have  praclically  no  influence  on  the  length  of  trains 
nor  the  number  of  trains  required  to  carry  the  traffic.  The  num- 
ber and  the  length  of  trains  are  determined  entirely  by  the 
demands  of  the  traffic  and  only  on  very  rare  occasions,  such  as 
picnic  excursiona,  etc.,  is  the  traffic  ever  such  as  to  require  more 
than  one  train.  Even  at  such  time«  other  features  of  operation 
limit  the  length  of  train  rather  than  the  gradient. 

The  selection  of  the  gradient  for  intcrurban  roads  is  baaed 
on  conditions  similar  to  those  existing  on  Ught  traffic  st«am 
railroads.  However,  in  the  case  of  intcrurban  roadu,  the  chief 
desideratum  is  the  necessary  speed  over  the  line,  and  the  attain- 
ment of  that  speed  must  be  balanced  aguinst  the  cost  of  grade 
reduction,  rather  Ihan  the  operating  exi>enses  due  to  increased 
train  mileage  against  the  cot^t  of  construction,  as  in  the  case  of 
steam  roads.  The  characteristics  of  electric  motors,  see  Fig.  15, 
shows  that  for  either  increased  tractive  effort  or  greater  spectl, 
greater  energy  must  l)e  put  into  the  motor.  This  indicates  that 
if  the  power  is  available  on  the  line,  the  per  cent  grade  is  not  a 
matter  of  primary  concern.  Here,  therefore,  enters  another 
factor,  namely,  the  cost  of  the  power  plant.  In  many  cases  the 
choice  of  gradient  may  resolve  itself  into  one  of  relative  expense 
of  larger  power  plant  and  of  reducing  the  gnidient.  Id  most 
cases,  however,  the  power  will  \)c  available,  and  the  entire 
qucHtion  n*duccs  itself  to  the  relative  cost  of  u-siiig  ruoreja2mj;CuJ 
motors  ou  the  cars  or  of  reducuig  the  f^radient. 

The  ruling  gradient  on  electric  intcrurban  railwayi^  doea 
not,  therefore,  have  the  same  significance  as  on  steam  roads, 
for,  the  cars  being  relatively  Ught,  the  motors  cao  ho  safely  made 
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to  excfied  their  rated  rapacity  for  Ihv.  short  tirni;  rGqnired  to 
nd  such  ntaxinuiin  KCftdp^  without  serious  hcfiting.  Owing 
to  this  fact,  cflfly  intcrurbnn  linos  were  frequently  built  with 
8  to  10  ptT  rent  graders  and  with  correspondingly  sharp  curves, 
but  the  cost  of  maintenance  and  of  operation  and  the  safety  of 
operation  make  such  extreme  features  not  permissible.  However, 
gradei*  iw  high  as  2.0  to  2..i  per  vcvt  are  considered  good  practice 
for  high-speed  service,  and  in  hilly  country  grades  up  to  5.0 
per  cent  arc  frequently  used  with  good  results.  Tlie  diseussion 
in  another  chapter  of  rine  and  fall  and  of  momentum  grades  is 
applicable  in  general  to  electric  railways  as  well  as  to  steam. 

Station  Hlops  tJo  far  as  prartieablf;  should  Iw  placed  on  sum- 
mits in  order  that  the  upgrade  may  assist  in  stopping  the  train 
and  the  down  grade  assi.si  in  starting  it.  This  principle  is  not 
always  applicable  in  rountrj'  lines,  but  elevated  rapid  transit 
lines  in  cities  nmke  use  of  it  to  a  very  great  extent,  not  only 
accompliuhing  the  above  result,  but  cheapen  eon»truction  as  well 
by  shortening  the  rnhirniis  of  the  elevated  stnicture. 

Curvature  and  Distance.  As  in  the  case  of  gradients,  curva^ 
ture,  both  in  lunounl  and  deg^e*^  is  not  so  sttnous  an  obstacle 
in  general  on  electric  roads  as  on  steam  roads,  yet  certain  limita 
exist  in  thitt  case  as  well  as  in  the  other.  While  electric  equipment 
will  readily  pass  around  cur\'ej(  of  short  nidius,  their  presence 
necessarily  hnoita  six^-d.  Alx)ut  the  only  advantage  that  electric 
roads  have  in  using  sliarp  curves  lies  in  the  facility  -with  which 
the  cars  can  be  slowed  down  and  aecetemted  to  allow  the  train 
to  take  the  cur\'e  at  low  sjx'^Hi.  Here  again  the  choice  depends 
upon  the  relative  value  of  the  desired  spectl  and  the  cost  of 
construction  and  mainlenance.  The  same  principles  in  regard 
to  speed  and  curves  that  were  previously  discussed  apply  to 
intcrurban  operation. 

For  street  railway  work  curves  having  only  ^  \^  10^  *** 
radius  are  common,  and  such  curves  have  been  frequently  used 
in  interurban  construction,  but  curves  on  the  latter  should  l>e 
of  much  flatter  degree  of  curve  than  these.  Moreover,  curves 
on  interurban  roads  should  be  as  accurately  spiralcd  and  super- 
elevated  as  on  steam  lines.^ 

From  the  nature  of  the  traffic  carried,  additional  distance 
in  an  interurban  Une  is  not  a  serious  disadvantage,  if  it  serves 
to  secure  additional  business  or  to  diminish  operating  expenses. 
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The  ffpunral  principle  in  rrjEunl  to  thf«e  tnattere  derusBed  ta 

previotiH  fhnplrr^  ''Pp'y  hrrp  alwi. 

Speed-time  Cuxres.  With  giveD  conditions  of  openitioa, 
the  prriurmiuitv.  nf  niectric  ca»  can  be  detenniDcd  in  a  manner 
similiir  to  that  iitt^sj  in  ittram  railway  calnilalionft.  If  ander 
given  conditions  of  fETode,  alignment,  f>peed.  etc.,  the  car  is 
able  to  cxort  additional  tractive  efTort,  the  train  will  be  accele- 
rated and  if  not,  it  will  rontinue  at  constant  speed,  or  be  re- 
tarded, according  as  the  total  resistance  is  equal  to  or  greater 
than  the  tractive  efTort  available.  Also,  when  a  train  baa  a 
certain  velocity,  by  virtue  of  that  velocity  it  is  alile  to  const 
either  up  or  down  grade  or  on  the  level.  In  general,  speed- 
time  curves  ront^int  of  Hhuwing  the  relation  between  the  speed 
M  ordinate^  and  the  time  reqiiire<l  to  attain  that  speed  as  abscis- 
8»,  and  include  ueceleriiTiou  and  coasting  and  braldug  curves, 
the  slope  of  the  former  being  positive  and  of  the  latter  negati%'e. 
DistttMce-time  curves  usually  appear  for  convenience  on  the 
same  charts.  The  acceleration  curves  con.sist  of  straight  por- 
tions covering  the  period  of  controlled  motor  current  and  extend- 
ing to  full  current,  and  a  curved  portion  beyond.  The  coasting 
or  drifting  curves  art;  i^lightly  concave  upward  owing  to  the 
variation  of  train  nylHljinc*'  with  thfc^gpeetl-  The  slope  of  the 
speed-titne  curves  indicates  the  rate  of  change  of  speed,  or  the 
ae«Tlcnilit)ii.     The  acccleralion  in  U^t  per  weond  iw, 

32' 2 
a  =  ^zr^{P  —  R  —  C±0),  or  changing  to  miles  per  hour, 

A  =  0.01(»S(P-/2-C±(7), 

A  being  the  acceleration  in  M.P.H.  per  wjcond; 
P,  the  total  tractive  effort  in  pounds  per  ton; 
R,  the  train  resistance  in  pounds  per  ton; 
C,  the  curve  resistance  in  pounds  ptT  ton; 
0,  the  grade  resistance  in  pounds  per  ton. 

Having  given  the  motor  characteristic  curves  of  performance 

the    tractive    effort  at    any  speed  may  be  o!>tained  therefrom. 

From  the  relations  V  =  At  and  S  =  kAt^  (S  bciiig  the  distance), 

the  speciUtinie  and  space-time  curves  can  be  derived,  or  they 

w»i  be  derived  from  the  relation  shown  in  Chapt<?r  XIV,  that 

103 
/  =  -jp-(K|  — Fo).    These  curves  will,  of  course,  have  to  be  worked 


out  in  incrcnienta,  aince  the  force  varies  with  the  speed  and  no 
definite  relationship  l)etweeji  Uie  tractive  effort  and  the  speed 
oan  be  stated. 

Fig.  62  shuwft  speed-linie  curves  plottoci  for  given  conditions 
and   illustrates  the  prinriplcs  of  their   use.    Tlieae  curves  ate 
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Fio.  62.— Spced-Ume  Cur\-es  for  lot^rurban  Car. 

ten  from   the  excellent  artietc  \>y  Mr.  C.  0.  ^^il!oux  in  the 
Procwdings  of  the  American  Institute  of  Electrical  Kntonecrs, 
■   1902,  to  which  the  reader  is  referred  for  a  more  extrpdod  discus- 
sion of  sp^-i-il-tinie  cur\es  and  of  graphical  methods  of  construct- 
ing the  some. 
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Spacing  of  Turnouts.  Tn  intenirbati  location,  the  turnouts 
should  bo  spaced  where  the  cars  naturally  meet,  and  hence  the 
length  of  line  between  turnouts  is  a  function  of  the  train  schedule. 
Obviously,  the  time  interval  Iwtwecn  turnouts  should  be  uni- 
form, rather  than  the  actual  space  intcn'al.  Slow  speed  through 
villages,  up  steep  grades,  etc.,  should  be  taken  into  contiideratiuu 
in  the  location  of  turnouts.  In  general,  the  number  of  turn- 
outs will  be  one  Icse  than  the  number  of  cars  in  either  direction 
during  the  time  required  to  make  the  run.  The  best  nietliod 
oT  locating  the  turnouts  is  by  plotting  the  graphical  time-table 
as  explained  in  Chapter  XII,  and  locating  the  turnouts  at  the 
r^'diiiting  meeting  places  as  shown  by  the  intersection  of  the 
lines  representinp;  train  movements. 

Roadway  and  Track.  Iligbt  of  way  for  clectiic  interurban 
railways  should  not  \)ti  less,  iji  general,  than  40  ft.  wide,  and 
should  be  independent  of  the  public  highways  so  far  as  prac- 
ticable. The  use  of  the  public  Iiigbway,  which  obvialea  the 
purchase  of  a  separate  right  of  way,  has  led  many  interurbans 
to  follow  the  highway  almtjst  regardless  of  gradients.  How- 
ever, the  private  right  of  way  is  desirable  because  of  the  gre.at«i 
safety  of  operation  and  hei^iuse  of  increased  facility  for  higher 
speeds.  The  roadbed  should  probably  be  not  less  than  14  ft. 
wide  and  tlie  cuts  should  Ixs  well  drained  as  for  steam  railways. 

The  track  shonld  Ix?  practically  st^mdjird  construction  with 
a  fairly  hea\n,'  rail,  probably  70  to  80  lbs.  per  yaid,  and  tiea 
not  more  than  2  ft.  on  centers.  Ballast  is  desirable,  but  a  great 
majority  of  intci-urban  lines  have  been  built  with  earth  ballast. 


PART  D 
PRACTICAL  LOCATION   SURVKYS 


CHAPTER  XXII 
RECONNAISSANCE 

Introduction.  No  very  exact  criterion  exists  for  determining 
whether  or  not  the  location  of  a  railroad  is  properly  designed, 
but  the  rcjoilts  of  operation  after  construction  will  in  (tcncral 
iodicAte  whether  the  work  wjik  well  or  poorly  done.  A  bridge 
is  well  deeipned  if  the  members  and  details  are  properly  pro- 
portioned for  Ihc  stresses  tlmt  they  aw.  to  withstand,  and  if  a 
groes  inacCTimcy  in  the  design  exists  a  total  failure  may  result. 
No  such  exiiibition  of  error  in  design  is  noticeable  in  the  case  of 
a  railway  KRulion,  tlie  only  exhibition  of  error  lieing  th«  failing 
to  pay  expenses  after  the  line  haa  been  put  into  operation.  The 
trains  will  run  and,  to  the  ca.*iual  oI>scrvcr,  the  faults  of  design 
do  not  ap()ear.  As  fK>inte<I  out  in  another  idiapier,  the  true 
criterion  of  eueeess  in  location  is  the  realization  of  the  largest 
perct'ntagc  of  net  profits  per  dollar  inveatcil.  The  ptatcment 
of  Mr.  E.  H.  McHenrj',  C'hf.  Kngr.,  Northern  Pacific  U.  R., 
that  "  Engiue<>ring  is  the  art  (or  science)  of  making  the  dollar 
earn  the  most  interest  ,"*  applies  with  peculiar  aptness  to  rail- 
way location. 

It  must  Iw  borne  in  mind  that  it  is  not  the  object  of  the 
engineer  to  make  a  location,  but  to  secure  the  location, 
that  is,  the  best  line  possible  so  that  no  subsequent  line  can  be 
built  to  aene  the  same  territory  with  more  favorable  gnules, 
more  satisfactory  alignment,  and  at  less  cost.  The  line  chosen 
should  not  only  serve  the  country  traversed,  but  so  far  as  possi- 

*  Rules  and  lustnictioas,  N'i>r.  Pac.  Ry.,E.  H.McUemy. 
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ble  the  location  should  block  the  constniction  of  a  successful 
rival  line. 

After  thus  recalling  to  mind  tlio  object*  U)  iie  attained  in 
locating  a  railroad,  it  may  be  stated  that  many  of  the  most 
serious  crrcirs  aiise  in  rcconnaissiiru-t!.  For  the  most  [)art,  I  he 
lennini  of  the  railixtatl  and  many  of  the  intflrine<liRtp  traffic 
points  will  be  selected  by  someone  other  than  the  engineer, 
biiw'il  rhii^fly  on  considfrations  of  tlio  probable  flow  of  traffic, 
and  it  will  ui^ually  remain  for  the  enRineer  to  detenninc  the 
location  of  stations  and  yards  in  the  cities  constituting  the 
(onuiiii  and  t^)  select  the  route  bct*vecn  them.  However,  the 
question  whethor  to  huUd  or  not  to  build  is  frequently  decided 
by  the  results  of  the  reconnaissance,  which  ought  to  reveal 
whether  a  line  at  all  is  practicable  between  the  ]^>uintft  designated, 
and  to  indicate  gencraUy  the  possible  gradient  within  rather 
wide  limits.  An  understandiitg  of  the  principles  of  the  foregoing 
chapters  is  essential  to  an  intelligent  undertaking  of  a  recon- 
naissance. 

Mr.  Wellington  very  aptly  stated  that  rcconnnissanoo  is  an 
art  rather  than  a  science,  the  latter  being  eapjible  of  <Ietennination 
by  well-estahlished  laws,  while  the  former  (art)  is  a  Ireutinent 
of  each  ease  according  to  one's  judgment,  largely  infliiencetl  by 
the  action  of  others  under  similar  rirc^umstancce.  A  matter 
that  admits  of  scientific  treatment  must  Ijc  susceptible  of  rigor- 
ous analysis.  For  example,  given  the  conditions  of  traffic  and 
topography,  the  efTct-t  i»f  increasing  the  ruling  gradient  can  be 
scientifically  analyzed,  but  the  proper  running  of  a  transit  liue» 
pitching  camp,  or  keeping  notes  cannot.  The  former  is  a  science 
while  the  latter  arc  arts.  .So.  likewise,  the  methu4l  of  reeon- 
naiesanee  by  riding  horsebaiik  over  a  wide  strip  of  country, 
noting  the  drainage  and  the  possibilities  of  location  that  it  con- 
tains, is  an  art. 

A  Study  of  Areas.  Reconnaissance  consists  essentiiUly  of  a 
study  of  areas  or  strips  of  territoo'  rather  than  of  6ur\'eycd  lines. 
The  entii*e  range  of  country  betwcim  the  points  to  be  n^ached 
must  he  pa-sserl  over  and  made  familiar. 

"Thus  in  reconnoitering  a  proposed  line,  AB,  supposed  to 
be  about  100  miles  long,  we  may  ivasonably  take  the  valley  line 
to  the  right,  or  the  t<iwn  C  to  the  left,  as  the  lateral  limits,  but 
nothing  less  than  this,  and  the  whole  area  between  them  should 
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be  studied  fU4  an  ai-ra,  and  a  topographical  map  in  the  mind's 
eyv-  niadp  of  it  all;  t-xaf  t  comparative  knowletlffe  of  all  the  various 
pasfles  and  other  governinR  points  Jx-irig  ohtained  on  recon- 
naissance, or  by  subsequent  survey  or  spur  lines. 

"  Thu*  single  rule  is  one  rarely  thought  of  or  acted  upon  until 
repeated  blunders  have  enforred  it.  Error  is  particularly  liable 
to  follow  from  neglecting  it.  .  .  .  We  may  survey  lines,  but  we 
muBt  never  reconuoitcr  them.  U  we  do  it  is  not  rcconiialssaune." 
Wellington's  "  I'x;oiiomi(;  Theorj*  of  Railway  Ixx'ation,"  p.  835. 

Prepossessions  in  favor  of  any  particular  line  or  route  must  not 
be  retained  too  tenaciously,  but  the  area  studied  should  be 
examined  with  an  open  mind.  Likewise,  too  hastily  drawn 
cont-lu»ions,  either  for  or  against  any  particular  route,  must  be 
avoided. 

Pajtxes  or  gnpx  are  usually  found  where  the  headwaters  of  two 
atreain»  uu  opposite  sides  of  the  divide  that  separates  them 
leave  the  vn'si  of  the  divide.  Frequently  (he  indentatioiiHin  the 
ridge  alternate  nn  the  two  sides  so  that  one  lies  by  the  other  with 
a  ridge  l)etwcen,  in  which  case  a  saddle  or  low  place  cau  best 
he  found  by  riding  along  thia  ridge.  Sonietiines  overlaps  of 
hills  obscure  passes  in  such  a  mariner  as  to  make  the  ridge  appear 
solid  without  a  bi-cak  in  a  distant  view,  and  unly  a  close  cvatuina- 
tion  wiJI  revejil  the  valleya  that  cut  into  the  ridge.  It  may 
happen,  of  course,  that  a  tunnel  from  a  valley  on  one  side  to  a 
valley  on  the  other  is  the  only  practicable  mode  of  crossing  ibc 
ridge. 

ControUing  Points.  Certain  topographic  features  such  as 
paseea  over  u  mountain  range  or  over  even  a  lower  divide,  and 
suitable  places  for  bridging  large  streams,  frequently  exercise  a 
controlling  influence  uu  a  raiUx>ad  location.  In  the  United 
States,  the  excellent  maps  of  the  U.  8.  Geological  Survey,  which 
arc  rcadUy  available,  arc  indispensable  for  searching  for  parses 
and  break.'^  in  ridges.  Sometimes  a  scheme  of  coloring  a  con- 
tounil  map,  preferably  in  brown,  using  deeper  shades  for  the 
higher  altitudes,  will  render  breaks  and  low  points  in  a  range  of 
hills  more  n'ndily  di.sairnible. 

In  crassing  a  river  that  has  comparatively  high  bluffs  on  cither 
aide,  it  is  necessary'  to  find  an  easy  descent  to  the  river  bottom  by 
following  down  a  side  inlet  stream,  ami  after  crossing  the  river 
to  find  a  gradual  ascent  on  the  opfiosite  blu(T  by  following  (lie  liide 
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drainage  again.  A  number  of  examplra  of  this  feature  of  lt>ca- 
tion  may  be  noticed  in  the  location  of  thoee  railroads  that  cross 
th«  Mississippi  River. 

As  an  example  of  a  river  crossing  exertuig  an  inflnonce  on 
location,  the  case  of  the  Thebes  bridge  over  the  Mis8iii«ippi  may 
be  cited,  where  a  number  of  railroads  converge  to  take  advantage 
of  a  atructure  already  built  and  the  only  one  in  that  region. 

Where  a  tunnel  is  to  be  driven  through  a  ridge,  some  time  can 

be  profitably  spent  in  seeking  the  thinnest  portion  of  the  hdgo 

through  whic;h  to  drive  the  tunnel.    Saving  100  ft.  of  tunnel 

length  would  repay  the  expenses  of  a  surveying  party  for  perhaps 

'three  months'  search  for  the  shortest  bore. 

Relation  of  Location  to  Drainage.  The  natural  drainage 
slopes  are  all  important  in  the  projection  of  a  rnilroad.  As  Mr. 
D.  W.  Washburn,  locating  engineer  for  the  Gould  lines  in  the 
Southwest,  once  said  to  a  group  of  aHStstant  engineers,  "  First 
get  into  your  head  the  drainage,  drainage,  dii-\i>!age.  The  direc- 
tion and  location  of  the  drainage  is  the  framework  on  which  you 
must  bang  your  location."  The  principal  streams,  their  nature 
and  rate  of  fall,  the  location,  direction  and  slope  of  the  principal 
tributaries,  must  Ix;  familiarly  fixed  in  the  engineer's  mind.  One 
has  but  to  glance  casually  at  the  railroad  map  of  the  United 
States  west  of  the  Missouri  Kiver  to  sec;  how  the  Union  Pacific, 
the  Burlington,  the  Santa  Fe  and  other  railroads  follow  along  the 
slopes  formed  by  the  various  streams.  The  general  fall  of  the 
country  may  be  estimated  from  the  character  of  the  streams. 
Below  are  given  the  rates  of  fall  of  a  number  of  streams  that  are 
more  or  leas  typical. 

Fnct  poT  Mild. 

Upper  Mississippi,  above  St.  Paul 20 

Lower  Mississippi  IjcIow  Keokuk 0.4 

Lower  Mississippi  below  Memphis 0.1 

Illinois 0.4 

Missouri  (lower) 1 

Missouri  (upper) 10-30 

Ohio  below  Pittsburg 0.4 

Arkansas  above  Pueblo 34 

Arkansas  below  Pueblo 0.5 

Green  River  (Ky.) 0.4 

Red  River 0 .  14-5 . 0 
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It  is  useless,  of  course,  to  undertake  to  project  a  line  of  a 
certain  cliaracter  Ihrough  a  country  that  will  not  yield  such  a 
line.  To  attempt  to  build  a  0.5  per  cent  grade  line  through  a 
1.5  per  cent  country  will  but  lead  to  disappointment,  and  tlie 
cngineer'a  judgment  should  l»e  such  as  to  enable  him  to  discern 
readily  about  what  a  countr\-  will  yield  in  the  way  of  a  location 
by  examination  in  the  rcconiiaissani.'e. 

Ridge  vs.  Valley  Location.  Mucli  ha.s  been  written  and  said 
in  favor  or  one  or  the  other  of  ridge  or  valley  locations,  but  the 
reader  does  not  need  to  obsL-rve  very  witlt-ly  lo  note  that  abnost 
any  railroad  of  conaiderablc  length  is  located  by  a  combination 
of  the  these  two  types  of  routes.  The  crest  of  a  ridge  with  easy 
slopes  in  either  direction  makes  easy  shifting  of  the  line  to  one  side 
or  the  other  in  order  to  secure  a  uniform  and  desirable  gradient. 
Other  arguments  in  favor  of  a  ridge  line  are  (1)  freedom  from 
dangers  of  overflow  from  streams,  (2)  few  bridges  Iwcause  the 
lin(?  will  not  have  to  cross  and  recro&s  the  main  stream  as  well  as 
the  tributaries,  and  (3)  the  grade  can  he  more  easily  adjusted 
to  a  predetermined  rate  ordinarily  becaus*!  of  the  gn^atcr  effect 
on  elevation  of  a  short  shift  of  the  line.  Some  of  the  advantages 
of  the  valley  location  are  (1)  grading  will  cost  ]ej*s  l>crause  the 
material  encountered  ran  Iw  more  easily  moved  due  to  the  fact 
that  it  is  chietiy  earth  instead  of  rock,  the  latter  occurring  along 
the  top  and  sides  of  the  hills,  (2)  asually  the  curvature  is  less 
because  valleys  are  commonly  straighter  than  ridgei*.  (3)  towns 
are  more  advantageou.siy  located  in  the  valleys,  and  it  is  from  the 
towns  that  traffir  is  derived  chiefly,  (4)  produce  froin  the  surround- 
ing countr>'  will  U?  hauled  downhill  to  the  railroad  instead  of 
uphill,  and  (5)  generally  a  mon;  uniform  natural  slope  will  be 
found  in  the  valley  than  on  the  ridgo,  and  the  rate  of  fall  of  the 
countr>'  will  have  nmch  to  do  with  the  grades  that  can  be  obtaineil. 
Rough  Country.  The  transverse  slo[w  of  valleys  is  in  general 
that  of  u  segment  of  an  immcMSo'  ellip.se,  so  that  as  one  approaches 
hills  or  mounl.iiii.s,  \hi:  Hlnpe^t  iHicome  gradually  sliH'per.  When 
such  an  approach  is  unbroken  by  deep  valleys  of  minor  streams, 
and  is  gently  rolling  or  undulatory,  to  the  unpracticed  eye  it 
is  likely  to  appear  to  Ix;  easy  of  acwaw  for  a  railniad.  For 
example,  the  Colorado  and  Southern  It.  K.  as  H  winds  around 
the  mesas  ut  the  ba^-  uf  the  Hocky  Mountains  has  many  grades 
tliat  are  about  as  steep  as  those  occurring  od  the  Union  Pacific 
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R.  R.  in  eroBsinE  thp  mountains.  On  the  other  hand,  country 
that  appearH  to  be  very  hrokpn  may  have  a  generaJ  slope  that 
will  enable  a  ver>'  satisfactorj-  gradient  to  be  secured.  Heainiy 
wtHxled  land  always  appears  much  more  forbidding  than  the 
aanie  kind  of  country  cleare<l.  One  ia  much  more  likely  to  be 
deceived  in  regard  to  slopes  and  elevations  in  rolling  than  in 
rough  eountr>'.  For  theae  reascms,  country  that  looks  rough 
and  forbidding  should  not  l>e  given  over,  and  on  the  other  hand, 
apparently  level  plaini?  or  easy  rolling  country  should  not  be 
taken  too  lightly,  but  should  be  given  thorough  exanunation. 

Because  of  the  ease  of  travel  and  the  apparent  merits  of  a 
route  that  are  largely  artificial,  engineers  arc  sometimes  prone 
to  follow  highways  to  the  neglect  of  better  routes.  This  ten- 
deney  to  error  should  ho  guarded  against  in  general,  although 
old  trails  and  wngou  roads  may  occupy  the  Ion-  grade  routes. 
The  Atchison,  Topeka  and  Santa  Fe  R.  R.  follows  in  a  general 
way  along  the  old  Santa  Fe  trail,  which  had  served  as  a  traffic 
course  for  the  Indians  for  centuries  l>cfore  the  road  was  begun. 
De  Vttca  found  it  three  hundred  years  l>efore  the  engineers  of  the 
Santa  Fe,  searching  for  the  best  location  that  the  country  would 
yield,  discovered  that  the  Trail  traversed  the  easiest  gradients 
and  the  most  favorable  stream  crossings. 

Use  of  Maps.  The  maps  of  the  U.  S.  Geological  Survey  and 
uf  the  variuiw  state  geoiogieal  aurvcya  are  so  complete,  so  far 
Oft  this  country  is  concerned,  that  much  of  the  time  fonnerly 
spent  in  reeonnaissance  is  saved,  and  a  study  of  these  maps 
with  whatever  other  maps  may  be  available,  followed  by  a  rapid 
riding  over  the  country,  will  give  a  more  adequate  knowledge 
of  the  "  lay  of  the  land  "  than  an  extendeil  reeormaiesanee  w^ould 
give  without  the  aid  of  such  maps.  With  the  maps  now  avail- 
able, llie  eugiuoor  in  America  should  l>c  able  to  eliminate  all 
but  tt  few  (HJtwible  routes  for  consideration,  and  a  rapid  recon- 
tmiMwmee  should  eliminate  most  of  these.  Under  many  con- 
ditions, a  study  of  nuips  and  a  rapid  reconnaissance  will  confiLe 
Hulvk'^iuent  explorations  to  only  one  route. 

Bquipment  and  Methods.  It  is  needless  in  thi.s  connection 
U)  enter  iiitn  an  extended  and  detailefl  description  of  methods 
employi'd  in  romlucting  a  reeotuiaissani'c,  a  bare  outhnc  uf  in- 
slrunieiiljt  uw.-*!  and  of  approved  prtntilun-  lieing  deemed  snifllicient. 

For  aaoerlaining  elevHtiuog,  particuhirly  where  there  is  con- 
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siderablc  ran^  in  the  elevation  of  the  country  traversed,  the 
aneroid  barninelcr  is  ino«it  useTul.  It  should  ]x^  home  in  mind, 
however,  that  the  aneroid  is  only  an  approximate  mode  of 
obtaining  elevations,  and  it  should  be  frequently  referred  to  a 
standard  datuni.  Numerous  lnwks  cjn  surveying  give  instrun- 
tions  for  the  u^  of  the  aneroid,  henee  nothing  of  the  sort  is 
attempted  here.  Many  engineers  use  a  Locke  hand  level  for 
reeomiaissance.  On  n  locati(»n  wiili  wlneli  tlie  author  was  con- 
nected, a  line  of  levels  was  carried  through  ver}-  rough  country 
for  nearly  25  miles  with  an  error  of  only  about  14  ft.  by  means 
of  the  liand  Urvrl.  However,  the  chief  use  of  the  hand  level 
in  this  connection  perhaps  is  obtaining  the  rate  of  slopes  rather 
than  elevations. 

Distances  can  be  nstimnted  by  timing  witliin  a  reasonable 
limit  of  error.  A  horse  walking  through  timber  on  level  ground 
will  travel  atxmt  3  miles  [wr  Imm-  where  there  is  not  much  under- 
brush. Over  rougli  ground  or  through  thick  W(mmIs,  the  rate 
would  only  be  aboxit  two-thirds  as  fast.  A  pedometer  that 
will  register  the  liorac's  stride  will  also  give  a  fairly  good  notion 
of  distance-8  traveled.  Horseback  riding  probably  (jonstitutes 
the  most  satisfactory  mode  of  traversing  rough  or  wooded  country. 
Anny  cavalrj'  count  on  Iwing  able  to  lead  a  horse  wherever  a 
trooper  can  chmb  without  using  his  hands. 

When  the  ground  is  such  that  it  can  be  covered  in  a  vehicle, 
an  odometer  attached  txj  the  wlieel,  or  a  cyclometer  on  a  bicycle, 
or  a  s|M>edonieter  on  an  automobile,  will  indicate  very  closely 
the  distances  traveled. 

In  more  detailed  rccnnnaiasance,  the  stadia  with  light  in- 
struments will  Ix"  found  advantageous.  The  stadia  may  be 
used  ver>'  satisfactorily  where  the  route  has  Ik-cu  practically 
selected  l>e(orehand  fr<ini  ma|}s  or  other  sources,  and  if  it  is 
desirable  to  explore  only  one  route,  the  stadia  will  \)q  foimd 
to  be  very  convenient. 

A  prtcke  I -compass  for  ascertaining  courses  is  a  necessity. 
A  prismatic  compass  that  can  be  closed  up  and  plated  in  the 
pocket  is  the  most  (Kinvenicnt  sort.  Kuch  an  instrument  usually 
reads  to  quarter  degrees  and  affords  sufficient  accuracy  for  this 
Idnd  of  work. 

Notes.  The  notes  that  may  lie  taken  on  a  reconnaissance 
are  ncccsBarily   crude  and   frequently  almost  tuiintelligible  to 
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anyone  except  to  tlie  pereon  who  took  LhcnL  By  noting  the 
time  (if  pissing  points  of  interest  and  then  roporriing  tiie  Lime 
of  passing  points  iif  fixed  location,  it  Is  possible  to  interpolate 
the  positions  of  the  intcmictliute  points  with  a  fair  degree  of 
accuracy.  The  following  example,  taken  from  F.  Lavis'a  "  Rail- 
road Location  Surveys  and  Estimates,"  will  be  of  interest.  It 
had  been  decidc<i  to  build  a  line  from  A  to  E,  Fig.  63,  passing 
through  th(^  ftiwus  of  fi  and  D,  which  were  of  considerable  im- 
portance.    Bctwwn  li  and  D  there  was  a  choice  of  two  routes, 


Fio.  63. — Rpconnfitssance  Tor  Route. 


the  valley  route  via  C,  a  town  of  iniimrtance,  and  the  ridge  line 
via  F  and  G,  two  small  towns  which  gave  promise  of  growth. 
All  thi.«  was  determined  from  nxinting  inapa.  C'onditions  wer« 
such  that  unless  about  0.6  per  cent  grade  could  be  obtained, 
the  line  would  not  pay. 

"  At  6.  A.M.  the  outfit  started.  Most  of  the  men  walked, 
about  one-fourth  of  them  being  allowed  to  ride.  Thirty  miles 
over  poor  roads  were  covered  by  5  p.m.,  a  camping  place  selected, 
tents  put  up  and  tlie  men  eating  supper  by  7  p.m.  The  first 
stake  was  driven  before  8  o'clock  the  next  morning  and  the  work 
was  fairly  startwl."  The  party  was  set  to  work  under  the 
direction  of  the  assistant  engineer,  while  the  locating  engineer 
made  a  more  cart^ful  reconnaissance  of  that  portion  of  the  line 
assigned  hiui,   making  the  round    trip    of    approximately   I'iO 
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miles  in  four  days.  The  trip  was  made  in  an  open  spring  wagon ; 
observations  with  hand  level  and  compass  were  taken,  and  a 
full  sketch  was  made  of  the  highway,  showing  all  branches 
from  it,  stream  crossings,  houses,  of  which  there  were  few, 
sketched  topography  and  obtained  all  the  local  names  that 
could  be  learned.  By  means  of  the  public  land  survey  maps, 
the  notes  taken  were  readily  plotted.  The  line  was  finally 
located  via  C,  owing  to  the  fact  that  a  0.6  per  cent  grade  along 
the  ridge  line  was  impracticable. 


CHAPTER   XXin 


THE  PRELIMINARY  SURVEY 


Purpose  of  the  Preliminary  Surrey.  When,  by  metiiods 
diwrupHed  in  the  preceding  chapter,  the  engineer  becomes  suffi- 
ciently familiar  with  the  countrj'  to  be  traversed  by  the  pro- 
posed ralli'oad  to  enable  hiiu  to  Umll  his  further  studies  to  one 
or,  at  most,  a  few  possible  routes,  he  is  ready  to  run  the  pre- 
limiimiy  or  trial  line.  Tlie  preliminary  survey  consists  of  run- 
ning one  or  niure  carefully  atationed  angle  lines  from  which  a 
topographic  study  of  the  route  can  be  made.  While  the  chief 
function  of  the  preliminary  survey,  as  us<?d  by  most  engiiiwr-s 
of  to-day,  is  to  w!rve  as  a  basis  for  the  tupt^raiihic  map  of  the 
route,  its  usefulness  will  be  gieatly  enhanced  if  the  preliminary 
follows  OS  do^Iy  the  final  location  a^  i>ossiblc,  and  the  skill  of 
the  locator  will  Ih*  isliown  ])y  the  nearness  to  the  final  locAtion 
that  he  can  project  his  preliminary.  The  information  obtained 
on  the  preliminary  is  taken  witli  sufficient  accuracy  to  enable 
questions  of  gradient,  distance,  curvature,  clearing,  property 
rights,  bridging,  tunneling,  and  classilication  of  materials  to  be 
excavated,  to  1m'  answered  with  a  fair  degree  of  reliability.  Grad* 
ing  estimates,  however,  ba*:'d  on  preUminary  surveys  are  of  but 
Uttle  value  beyond  l«ing  grass  approximations.  'I*he  puriHMic 
of  the  preliminary  is  to  assist  the  engineer  to  find  the  |H>sition 
of  llu'  line  that  he  <le3ins*,  and  it  is.  In  fact,  a  trial  or  conjectural 
position  of  that  line.  With  the  aid  of  the  information  that  this 
trial  hnc  brings,  he  is  usually  able  to  find  the  line  with  consider- 
able accuracy. 

Organization  of  the  Party.  Oidy  physically  rolmst  men  should 
be  selecUMJ  to  make  pnilimluury  and  location  surveys.  Many 
heavy  loads,  such  as  instrumctite,  stakes,  etc.,  have  to  be  OAr- 
ried  at  a  fast  speed,  and  those  that  arc  physically  unfit  will 
impede  the  progress  of  the  i>arty.  It  has  been  the  author's 
experience  that  muuature  boys,  under  18  or  20  years,  perhaps, 
are  incapable,  tuj  a  general  rule,  of  doing  their  portion  of  the 
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work  and  maintainiiiK  &  proper  pace  all  day.  With  the  assump- 
tion that  the  men  are  physically  fit  and  that  those  in  responsible 
poeitions  arc  intellectually  capable  of  performing  their  duties, 
a  brief  outline  will  be  given  of  the  duties  that  belong  nunually 
to  each.memlier  of  the  party,  although  the  reader  is  referred  to 
the  various  texts  on  surveying  for  more  complete  directions  for 
doing  the  work. 

The  organization  for  a  railroad  survey  may  be  outlined  as 
shown  below. 


LOCATINQ   E.NGINEGA       ' 

CniEr  or  Party 

TiiANsrr  Pahtt 

LcvKi,  Party      Topoohaphy  Pabtt 

Camp  Help 

Chief  of  Fluty 

Levrlman                 Tnpograplier 

Cook 

Tr&nalman 

Kodiniui                  Aiwiijtutitii  (one  or 

Teunstar 

Hea<l  rhuiniTUin 

more) 

Iltfftr  cliainmau 

DnStMttoa 

Stakeinan 

^ 

Kear  Ougnuui 

Axemen 

A  party  with  the  above  organization  should  be  assigned 
50  to  100  miles  to  cover  in  making  the  preliminary  surveys. 

The  Locatinn  Engineer  usually  makes  tlie  reoonnatasanoe 
personally  anil  has  general  charge  of  the  parties  and  the  entire 
location.  He  decidi's  largely  the  questions  of  grade.s,  curvature, 
whether  to  enter  certain  minor  towns,  and  other  features  fif  the 
location.  He  may  or  may  not  be  in  direct  personal  chaise  of 
the  surve>'ing  parties  in  the  field  In  making  the  detailed  location. 

The  Chit/  of  Party  may  be  the  locating  engineer  or  lie  may 
be  an  aaaistant  engineer  in  charge  of  the  parties  and  report  to 
the  locating  engineer.  The  chief  of  party  mu?t  have  had  suffi- 
cient training  and  experience  to  enable  him  to  take  general  direc- 
tions from  the  locating  engineer  and  to  get  all  the  infonnation 
that  will  be  nef»ded  in  the  d<'sign  of  the  location.  He  has  chai^ 
of  the  camp  and  the  camp  purchases,  and  has  authority  to  em- 
ploy and  discharge  men.  His  specific  duties  with  respect  to 
the  surveys  will  l>e  to  direct  the  Iran.fit  party  in  their  selection 
of  hne  and  to  study  the  profile  and  plot  nf  the  line  so  that  he  may 
properly  direct  the  parties.  Duruig  the  first  three^fourths  of 
the  day,  the  chief  of  party  is  usually  ahejid  of  the  transit  party 
selecting  turning  points  and  in  general  keeping  things  moving. 
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The  remainder  of  the  day  may  be  spent  in  camp  studying  the 
line  previously  run  and  plajinlng  the  work  for  the  following  day. 

The  Transitman  usually  ranks  next  to  the  chief  of  party  and 
assumes  charge  of  the  party  in  the  absence  of  the  latter.  It  is 
his  duty  to  run  the  transit,  keep  the  transit  nol«&,  and  to  plot, 
or,  at  least,  to  check  the  plot  of  the  transit  line  at  night.  A 
good  transitman  will  set  up  his  instrument  and  be  "  on  liiie  " 
in  two  or  three  minutes  after  arriving  at  Iiia  point.  Much 
depends  on  the  accuracy  of  his  work,  hence  the  transitman  should 
be  a  careful,  reliable  person.  Hubs  and  turning  points  to  which 
the  transitman  must  "  move  up  "  have  to  be  WnpA  in  with  care, 
hut  internicdiate  stakes  may  be  Hued  in  without  great  pre- 
cision. Where  a  poiut  can  be  set  some  distance  ahead,  as  in 
crossing  a  valley,  the  stake  may  be  so  set  and  the  intervening 
line  run  by  means  of  the  compass  needle  with  sufficient  accuracy, 
which  method  is  a  very  grc^at  advantage  in  the  event  that  the 
valley  la  heavily  timbered,  because  it  avoids  the  necessity  of 
obtaining  a  backsight.  The  author  ha?  run  lines  across  valleys 
in  this  manner  a  mile  or  more  wide,  missing  the  far  point  already 
act  by  not  more  than  a  foot. 

The  transitman  should  never  set  a  transit  point  ahead  without 
verifying  his  alignment  by  checking  on  his  backsight  lH?fore 
moving  up  to  the  new  point.  Much  trouble  will  be  avoided  by 
observing  this  simple  rule,  tSetting  tacks  in  transit  points  by 
double  sighting  is  another  wise  precaution,  and  will  frequently 
prevent  "  unexplainable  "  deviations  in  the  line. 

To  a  considerable  extent,  the  speed  of  the  party  will  depend 
upon  the  proficiency  of  the  Head  Ckainman.  If  he  moves  for- 
ward at  a  lively  pace  after  setting  each  stake,  keeps  well  on  the 
linn  and  i.s  ran'.ful  to  do  his  work  accurately,  the  progress  will  be 
rapid,  but  if  he  is  not  proficient  in  these  respects,  the  progrcjw 
will  be  slow.  The  rear  chainman,  axman,  and  stakcnian  will 
accept  readily  the  pace  set  by  the  hcatl  chainman,  while  they 
might  resent  urging  from  the  transitman  or  chief  of  the  party. 
Inasmuch  as  the  party  organization  is  essentially  the  same  for 
location  as  for  preUminar>',  it  is  not  out  of  place  to  state  that  on 
the  location  survey,  the  head  chainman  will  greatly  expedite 
the  work  if  he  readily  grasps  the  amount  of  the  chord  and  tangent 
oflfsets  so  that  he  can  range  himself  on  the  line  of  a  curve  without 
delay.     The  head  chainman  is  res{}ousible  for  tbc  accunu^  of 


the  chaining.  He  must  see  tfl  it  thnt  the  renr  chalnmnn  porforms 
his  duties  properly,  that  the  inpv  is  Iiroken  projHrly  in  going  up 
or  down  steep  sI(i|h!s,  imd  thnt  the  (ape  ia  hnriiMJiital  whenever 
a  mcasvi  rente  lit  is  l>einiE:  taken.  He  is,  in  a  aense,  foreman  ovex 
the  chaining  party.  He  will  be  Iwlter  fitted  for  his  duties  if  he 
has  had  some  experience  in  ninning  thr  inslnnnent,  and  should, 
in  fart,  be  able  to  relieve  the  transilman  should  the  latter  iw 
absent.  The  head  chuinman  i^huuld  cxerciije  judgment  also  in 
the  selection  of  transit  points  so  as  to  offer  an  unobHtructed 
view  ahead,  as  far  as  prncticable,  and  so  that  the  difhcullies 
of  set-up  will  not  \x:  too  great. 

Ttie  Hear  Ckainmnn  shonld  walk  ahead  of  the  end  of  the 
tape  as  it  is  dragged  forward  in  order  thai  it  may  not  he  dragged 
past  the  point  at  which  it  is  to  l>e  held.  He  should  call  "  chain  *' 
when  the  end  of  the  tape  larks  3  or  4  ft.  of  being  at  the  point 
in  order  that  all  adjustments  may  be  done  by  pulling  the  cliain 
ahead  rather  than  back,  all  backward  movement  being  so  much 
lost  effort.  It  iis  also  the  duty  of  the  rear  chainnian  to  check 
the  accuracy  of  the  numbering  of  the  stakes,  and  he  niuFt  keep 
this  in  mind  as  one  of  hi»  chief  fuiictions.  Should  he  be  in  doubt 
as  to  the  correct  number  of  any  station,  he  should  walk  back 
to  the  preceding  one,  or  even  farther  if  neeessarj*,  in  order  to  make 
sure.  He  should  take  care  to  keep  oiT  the  line  so  as  not  to 
obstruct  the  view  of  the  transitman  in  giving  Une. 

The" duty  of  the  Stakcinan  is  to  prepare,  earn.',  mark  and 
properly  drive  the  stakes  at  the  desire<l  points.  The  marking 
should  l)c  written  fnim  the  top  toward  the  point,  and  the  stake 
should  be  driven  so  that  the  marks  will  face  back  along  the  line 
in  order  that  the  rear  ehainman  or  others  walking  along  the  line 
may  read  the  station  uumtwrs  conveniently. 

The  axmen,  where  mort't  than  one  are  rwiuirtKl,  usually  in- 
chide  a  front  axman  and  other  axmen.  The  foraier  should  !« 
able  to  keep  on  line  ahead  of  the  head  ehainman,  and  his  ability 
to  do  so  will  lessen  the  amount  of  chopping  re(|uired.  Other 
axmen  are  needed  in  heavj'  brush. 

The  Renr  Flagman's  duty  is  to  hold  the  flag  on  the  point 
of  the  backsight,  atid  he  must  l>e  attentive  to  and  Iw  governed 
by  the  transit  man's  signals.  The  rear  fla^nan  is  prone  to 
become  inattentive  to  business  because  for  a  considerable  por- 
tion of  the  time  he  is  not  engaged  la  giving  a  backsight.    This 
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pasltion  reiquiros  the  least  akiU,  i^rhaps,  of  all  the  party,  and 
yet  it  dejimncis  a  certain  amount  of  intelligence  in  regard  to 
the  respyonsibility  of  the  incumbent.  Frequeutly  the  rear  flag- 
man  is  dispenstnl  with  entirety,  reliance  txiing  had  on  a  "  butter- 
fly," or  signal  left  at  the  last  hub. 

The  Lctclman  runs  the  station  levels  behind  tbe  transit 
party,  keeps  the  level  notes,  keeps  liis  instrument  in  adjiuit* 
ment,  and  generally  ranks  next  t^  the  transitman  in  authority. 
At  night,  the  Icvclman  plots  the  profile  of  the  stations  run  during 
the  day.  He  should  endeavor  to  keep  up  with  the  transit  party 
BO  that  complete  information  will  be  available  for  the  chief 
of  party.  The  levclman  should  not  only  obtain  the  station 
levels,  but  should  establish  benchmarks  about  every  10  to  15 
stations,  and  should  record  the  elevation  of  roek  out-crops, 
height  of  water  in  streams  and  lakes,  and  keep  any  other  notes 
that  will  be  of  use  in  classifying  materials  to  he  moved  or  in 
making  estimates  of  cost. 

The  Rodman,  as  the  name  suggests,  holds  the  rod  fur  the 
levehnan,  and  at  night  reads  off  the  stations  and  elevations  for 
the  levelman  while  the  latter  plots  the  profile. 

The  pu^iliun  of  Topographer  is  a  very  imp<)rtant  one,  and 
should  be  filled  by  a  competent  person  if  the  topography  taken 
is  to  be  of  much  value.  Mr.  S.  Whineiy'  states  *  the  quali- 
fications of  a  topographer  as  follows:  *'  He  must  possess  b  keen 
eye  and  gowl  judgment  for  locality,  distance  and  elevation. 
If  he  depends  too  much  on  tape  line  and  hand  l(;vel,  and  lacks 
discrimination  as  to  relative  importance  of  topographic  features, 
he  will  neither  be  able  to  keep  up  with  the  party  nor  to  do  bis 
work  satisfactorily.  Particularly  must  he  have  the  abihty, 
zmturally  or  acquired  by  experience,  to  judge  of  the  relative 
importance  of  th(!  t^ipography  hn  sketches.  He  muat.  know  at 
a  glance,  from  the  general  lay  of  the  country,  that  the  final 
location  will  hug  this  hillside  closely,  and  its  topography  must 
therefore  be  taken  accurately,  while  that  other  will  not  >» 
touched,  and  therr-fore  may  be  sketched  with  less  care."  The 
topographer  f<hould  obtain  a  sketch  of  the  transit  line  ah^d 
of  where  he  is  working,  showing  where  angles  are  turned,  so 
that  he  will  not  lose  time  and  take  needless  topography. 


•  Tnma.  Am.  Soc.  C.  E.,  Vol.  UV,  p.  144. 
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Usually  one  or  two  assistants  or  chainmen  are  assigned 
lo  tlie  topographer  to  make  measurPinRnta  and  to  hold  the 
rod. 

A  Draftvnan.  is  somctimcR  employed,  who  reinaius  iu  camp 
and  plots  up  profiles,  topofcrapliic-  notes  and  transit  lines.  Accu- 
rary  is  a  mon^  nsspntial  nxiuirtitr  for  a  draftsman  in  this  position 
than  the  ability  to  execute  elaborate  drawing. 

The  other  persons  who  are  ordinarily  necessary  inchide  a 
cook  to  prepare  the  meals  and  a  teamster  to  haul  the  party, 
stakes  and  other  equipment,  concerning  cither  of  whom  no 
special  comment  is  needed  in  this  connection. 

Equipment.  N'o  specially  designed  eqxiipraent  is  necessary 
for  a  raitruad  survey,  although  certain  types  arc  best  adapted 
to  such  work.  The  tratisit  should  lie  moderately  light,  should 
have  a  full  vertieid  eirele,  have  good  definition  rather  than  high 
niugnifying  (wwer  (20  to  2-1  bemg  ample),  should  be  furnished 
with  an  attached  bul)blc  and  with  stadia  wires.  Tlie  level 
should  have  gmwi  lenses  and  a  bubble  with  a  radius  of  al>out 
80  ft.,  equivalent  approximately  to  0.1  in.  making  20  sccond^j 
of  arc.  Dumpy  levels  are  usually  found  to  be  the  mos{  sutis- 
facton,'  for  this  work.  The  tape  (it  is  assumed  that  the  old 
chain  is  no  longer  u.sed)  should  be  of  strong  material  that  will 
not  readily  break  when  pulled  with  a  kink  in  it.  There  are  at 
present  several  tapes  on  the  market  that  are  almost  unbreakable 
in  ordinary  usage.  Tor  all  puri>oses,  the  Philaiielphia  rod  reading 
to  0.01  ft.  is  the  most  sat)Kfac'tor>'.  Flag  poles  shonld  be  brightly 
colored,  and  not  over  7  ft.  long,  as  greater  length  eneourages 
sighting  at  the  top  of  a  rtxl  that  may  not  Ih;  plumb.  Extra 
axes,  brush  hooks  and  other  accessory*  apparatus  may  be  nneded 
at  times.  The  equipment  required  by  the  several  parties  is 
aa  follows: 


Transit  Party: 

1  transit, 

2  range  pole6  or  sighting  rods, 

2  100-ft.  steel  tapes, 

3  chaining  phnnb  bohe, 

1  5-lb.  sledge  and  a  frost-pin  in  winter, 
Quantity  of  marking  crayonSi 
Axes. 
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Level  Party: 

1  wye  or  dumpy  level, 

1  rod  and  pin  for  turns, 

1  metallic  tapOi 

1  hand  ax  with  sheath. 
TopoKraphy  Parly: 

Hand  level,  50-ft.  metallic  tape,  rod,  or 

Stadia  transit,  tapes,  rods,  etc.,  or 

Plane  table,  tapes,  rod,  etc. 

Designation  of  Lines.  Where  several  preliminaiy  lines  are 
run,  they  are  designated  as  ''  Line  A,"  "  Line  B,"  etc,  all  of 
the  letters  of  the  alphabet  being  available  for  this  purpose  except 
L,  which  is  reserved  for  the  location  line,  and  /,  because  of  its 
illegibility.  Stakes  are  marked  with  the  letter  indicating  the 
line  and  with  the  station  number,  or  with  the  station  and  pU 
thus,  B48l-\-G2.5.  One  line,  commonly  the  A  line,  is  nin  cl 
through  and  subsequent  lines  are  usually  divenuous  or  braocbes 
of  this  line,  the  points  where  such  lines  leave  and  unite  with 
the  main  line  being  indicated  in  the  notes  by  an  equation,  thus, 

i4563+24.6*CO+00, 

and  at  the  reuniting  of  the  lines, 

C364+3.5«yl972+81.6. 

Wherever  lines  cross  each  other,  the  station  and  angle  of  such 
intersection  should  Ik:  secured.  Station  stakes  should  be  driven 
plumb,  with  sufficient  length  projecting  from  the  ground  to 
pcrniit  them  to  be  properly  marked.  Hubs  are  driven  wherever 
the  range  of  sight  requireii  them,  and  a  witness  or  guard  stake 
driven  1  ft.  to  the  right  of  the  hub,  with  the  lettering  on  the 
side  toward  the  hub,  and  leaning  slightly  toward  the  hub. 

Notes.  The  notes  that  are  kept  of  the  field  work  should  be 
very  complete.  An  incoraplote  notation  concerning  any  obser- 
vation may  lie  miauiiderst^od  and  hence  lead  to  error.  Fig.  iA 
indicates  the  apjvarance  of  transit  notes  on  preliminary  surveys. 
The  transitman  should  note  the  time  of  beginning  and  quitting 
work  each  day,  the  weather  conditions  and  the  personnel  of  the 
party.    The  notes   should   include   station   numbers,    ooi 


H 

H 

^ NOTES                                             401 

etc.,  nn  the  left-hand  page  and  additioiml  nnten  nn  the  right- 
land  page  ehowuig  the  location  and  direction  of  fence  lines,  the 
streams  and  other  natural  features  encountered,   the  culture, 
timlKT  lands,  etc.,  and  any  other  data  that  may  assist  in  the  study 
of  the  country.    The  center  Hnc  of  the  right-hand  page  is  taken 
as  the  transit  line  and  everj-thing  is  referred  to  this  hue  and 
Bketehed  op[iosite  J^c  proper  station   on    the   left'ham)   page. 
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Fio.  01.— Preliminary  Survey  Not«B, 

t(  the  head  chainmftn  kcf^ps  notes  of  plusses  to  fences,  streams, 
etc,  he  will  greatly  assist  the  transitman  thereby. 

All  note  books  should  be  numbered  in  a  systematic  manner, 
transit  note  books  being  laltelrnl  Al,  A2,  etc.,  level  note  l>ookfi, 
Bl,  B2,  etc.,  and  topography  note  Ixwks,  CI,  C2,  etc.,  or  in  some 
other  couvenitiit   way.     All  Ijooks  should  be  indexed  on  the 
irst  three  or  four  pages  and  this  index  should  Iw  kept  up  to  date 
at  all  times.    This  index  is  necessarily  more  of  the  nature  of  a 
table  of  rdiitentfl,  and  fur  this  reason  all  notes  should  be  indexed 
aJphabetically  in   special   index  books.    Tlie  prevalent  u«c  of 
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card  indexes  is  a  commendable  method.  Many  engineers,  since 
the  introduction  of  loose-leaf  uole  btwks,  krep  their  note«  in 
such  books,  and  these  notes  can  then  be  collected  into  books 
according  to  subjects.  A  title  should  be  placed  on  the  fly-leaf 
of  each  book  indicating  the  general  eontenla  of  the  book,  thua 


W.  &  K.  V.  K.  K. 

Prelirainar>*  Sun*eys 

HOOPESTON   TO   WaTEBVTLLE 

19U 
J.  L.  Wilson,  Transitmnn 
P.  M.  Allison.  Chief  of  party 
R.  G.  Nutting,  Locating  engineer 

Taking  Topography.  A  great  diversity  of  opinion  exiata 
among  engineers  as  to  tlie  importance  of  to|>ography,  acme 
taking  ver>'  accurate  and  complete  topography  and  using  it  as 
a  basis  for  the  office  or  paper  location  to  be  reproduced  atrcurately 
on  the  ground,  while  others  take  hut  scant  topography  and  rely 
on  studying  the  lay  of  the  ground  itself  at  first  hand.  The  auUior 
prefers  a  mean  between  these  two  extremes,  taking  enough  to^wg- 
raphy  to  ena})]e  a  map  to  bn  made  from  which  to  Ktudy  the 
general  elTect  of  sliifting  the  line  one  way  or  the  other,  but  making 
no  attempt  at  final  location  from  such  a  map.  To  take  a  great 
amount  of  topography  is  expensive,  and  even  at  best  is  an  ade- 
quate representation  of  the  ground  slopes^  classification  of  niat<s 
rials,  etc.  On  the  other  hand,  a  carefully  contoured  map  gives 
the  engineer  a  perspective  that  is  well-nigh  impossible  in  the  field. 
Mr.  Wellington's  "Economic  Theor>'  of  Railway  IxHvUion  *' 
contains  a  chapter  on  "Topography:  Its  Use  and  Abuse," 
in  whii^h  the  proper  use  of  topography  is  very  ably  discussed 
and  in  which  this  stalcmcnt  appears:  "Since  the  amount  of 
topography  ultimately  needed  and  used  (when  its  ase  is  not  abused 
by  making  it  a  substitute  for  the  careful  placing  of  the  prelimi- 
nary) can  be  seen  on  any  locjition  mup  to  lie  very  little,  covering 
a  map  all  over  with  accurate  top<jgraphy  is  a  sign  of  weakness 
and  not  of  strength.  On  the  other  Iiand,  accurate  topographirjil 
lines  for  a  reasonable  and  moderate  distance  on  e-ach  side  of  the 
line  are  an  immense  assiKtanee  for  the  ready  projection  of  lines, 
and  at  points  can  hardly  be  dispensed  with."     In  other  word^ 


the  prfiliminHry  should  ivpi-oscnt  the  best  location  that  can  be 
projected  by  a  study  of  the  lay  of  the  Itind  unmded  by  plotted 

(topography,  and  8ufticioiit  to|>uKraphy  should  be  takon  with  this 
prcUniiiiar>*  as  a  \m^'-  to  enal)l('  <:oiiiparativi»ly  minor  impmvc- 
mentB  to  be  made  in  the  adjustment  of  tho  line  to  the  topography 
by  its  use. 
Jubt  hnw  far  on  either  Hide  of  the  line  topography  should  be 
taken  will  depend  upon  the  accuracy  with  which  the  prelimi- 
nary is  In-inK  run  chiefly  and  also  on  the  character  of  the  terrain. 
The  law  in  Mexico  roc|uires  that  it  Ix*  taken  for  two  kilometers 
B  on  either  side,  which  is  a  futile  provision,  for  the  distance  should 
vary  with  the  conditions.  Needless  to  atate,  the  oliwrvalions 
made  on  nioBt  of  thi.s  strip  are  hastily  made  and  serve  only  to 
comply  with  the  legal  enactment.  No  definite  rule  can  be  given 
^  us  to  the  proper  distance  to  go  on  either  side  of  the  line,  for  it 

■  depends   ujwn   so  many  variable   ironditions.     Perhaps  300  ft. 
on  cither  side  would  represent  good  average  practice  in  ordi- 

H  r.ary  country.     Sometimes  it  may  Im>  desirable  to  contour  a  cer- 
B  tai"  hill  or  valley  for  a  quarter  of  a  mile  or  so  in  one  direction, 

but  such  cases  arc  not  the  ordinary. 

Various  methods  of  taking  to[K)graphy  are  in  use  which  are 

described  in  several  texts  on  surveying  and  which  need  not  be 

Idcacrilu'd  here  in  detail.  The  chief  ones  are  three  in  number: 
I.  The  plane  labh*  method.  Accurate  topography  can  be 
taken  in  this  manner  at  a  fairly  low  cost.  It  has  ihc  udvantage 
that  the  topographical  features  are  sketched  in  the  field  while 
under  obsen-ation.  The  dis.'idvant.ige  is  that  the  sheets  become 
torn  and  art*  frequently  not  at  lmn<i  when  needed. 
H  2.  The  stadia  method.  Topography  can  be  accurately  and 
rapidly  taken  in  this  manner,  but  it  is  suited  to  a  wide  area  rather 
than  to  a  comparatively  narrow  strip. 

■  3.  Hand  level  and  tape,  or  by  pacing  is  a  convenient  and 
sufficiently  accurate  method,  and  the  one  most  genendly  used. 
Special  topography  note  Ixwks  are  required  for  doing  the  work 
properly,  although  the  notes  arc  not  infrequently  taken  in  a 
transit  note  book.  Fig,  65(a)  shows  topography  notes  taken 
in  a  special  topography  note  book;  and  Fig.  65(6j  shows  topog- 
raphy notes  on  a  double  page  of  a  tranait  note  t>ook. 

Geological  Explorations.     Topography  is  a  surface  expression 
4)f  the  geological  structure  of  the  earth  beneath  much  the  samti 


MAPS 


405 


the  outlines  of  the  human  body  are  governed  by  the  ana- 
>niical  frauiework.  The  locatiiiR  eitguieer  is  neeessorily  con- 
•rned  with  both  the  IcipORraphy  ami  thp  Keo!og>-,  and  hence 
le  should  make  a  record  of  the  geological  formation  as  well 
as  of  ihe  topographical  form  of  the  regions  passed  over.  The 
control  of  water  courses,  drainage,  the  prevention  of  sliding  of 
the  track  and  slides  of  supt^rior  slopes  on  to  the  track,  all  make 
a  knowledge  of  the  geological  character  of  the  region  traversed 
of  very  groat  importance.  Successful  grading  operations  are 
also  dependent  to  a  verj-  grea.t  extent  upon  a  knowledge  of  the 
character  of  the  materials  to  be  found  beneath  the  surface,  and 
the  entire  question  of  foundations  hinges  on  the  same  consid- 
eration. Some  of  the  more  important  geological  items  to  be 
noted  in  this  connection  are: 

1.  Conditions  conducive  to  slides,  stieh  as  steeply  inclined 
iinderl>'ing  clay  or  abate  beds  over  which  water  may  seep  or 
flow  at  tinirs. 

2.  Extensive  rock  faults,  since  they  greatly  influence  topog- 
raphy and  the  probability  of  future  topographical  changes. 

■      3.  Rock   strata,  their  order  and  inclination,  where  open  to 
ready  obser\'ation. 

4.  Marsh,  swamp,  or  bog  fonnaiion  over  which  it  might  be 
neocflsary  to  place  the  railroad  on  an  artificial  foundation. 
H  5.  Muskeg  formations,  or  those  rock  valleys  that  are  filled 
Bvith  organic  iiuitcrial,  such  hs  leaves,  togs,  sticks,  moss,  peat, 
Bfctc.  Such  a  formation  has  prattically  no  supporting  power  for 
H^  roadway. 

W  Maps.  Two  maps  arc  generally  made  on  preliminary  sur- 
vcya.  These  arc  on  different  scales  and  are  for  different  pur- 
poees.  A  small  scale  map,  about  5000  ft.  to  the  inch,  should 
be  made  to  show  the  general  route  and  the  outstanding  features 
to  the  general  officers  of  the  road  and  to  the  public,  for  use  of 
itractors  and  for  other  incidental  uses.  Great  detail,  of 
>ur8e,  is  not  desired,  only  such  features  as  roads,  township 
les,  other  railroa<l»,  towns,  etc.,  being  usually  indicated.  Fig. 
i*  8h()wa  a  portion  of  such  a  map,  being  a  portion  of  Ihe  Choc- 
taw, Oklahoma  and  Liulf  H.  R.  location.  A  map  of  this  kind 
serves  well  as  an  aid  in  making  progress  reports,  the  amount 

"  Mcthod.4  of  LccAtion  on  the  C,  O.  d:  G.  R.  R-,  F.  Larts,  Tnuia.,  Am. 
.  C.  E.,  Vol.  LIV. 
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of  work  dono  at  any  date  Iwiiig  marked  in  colors  on  blue  prints. 
General  features  should  he  indicated  for  perhaps  1500  ft.  on 
either  »i(lr  nf  the  line  nn  thi.s  map. 

The  detail  map  should  be  made  to  such  a  scale  as  is  suited 
to  the  country  traversed.  The  top  of  this  map  should  represent 
the  north  direction  pn>ferable,  and  if  this  is  not  practicable, 
then  it  should  be  the  west  direction.  Both  the  true  and  mag- 
netic meridian  should  be  indicated  on  all  maps.  While  much 
of  the  preliminary  mapping;;  is  plotted  to  a  scale  uf  100  ft.  Lu  the 
inch,  a  smaller  scale  than  this,  200  or  400  ft.  to  the  inch,  is 
usually  more  satisfactory,  although  a  larger  scale  of  perhaps 
50  ft.  to  the  inch  may  tx?  desirable  at  times.  Five-foot  con- 
tour interval  is  sufficiently  accurate  and  the  scale  of  the  map 
should  be  Roverued  largely  by  the  ability  to  show  such  con- 
touni  with  clearness-  Ijind  lines  and  ownersliip,  township  lines, 
section  lines,  and  other  political  divisions  should  be  shown  on 
this  map.  If  such  a  map  i.s  kept  rolled,  it  permits  the  engineer 
to  make  a  study  of  any  portion  of  the  line  that  he  may  need  to 
examine.  Some  engineers  prefer  to  plot  the  map  on  small  separ- 
ate sheets  and  then  thumb  taek  them  together  on  a  table,  but  at 
best  this  is  an  awkward  procedure.  Fig.  67*  shows  a  typical 
detail  map  such  as  described  above,  being  of  section  of  the  map 
uiade  in  the  location  of  the  Choctaw,  Oklalioma  and  Gulf  K.  R. 

Two  methods  are  in  common  use  for  plotting  the  preliminary 
line,  viz.,  (1)  by  laying  off  the  calculated  bearings  from  a  meridian 
or  a  chosen  course  and  transferring  the  line  to  the  proper  inter- 
section point  by  means  of  triangles  or  a  parallel  ruler  and  (2) 
by  plotting  latitudes  and  departures  as  co-ordinates.  Perhaps 
the  former  is  the  more  rapid  and  less  fatiguing,  although  the 
u»r  uf  traverse  tables  ur  calculating  machines  will  make  the 
latter  method  rapid  and  easy.  It  can  l>e  used  at  least  as  a  valu- 
check  on  the  former  method.  Plotting  by  la>-ing  off  each 
tangent  from  the  preceding  one  is  not  a  sutisfactor>'  method, 
bcK-ause  errors  of  plotting  are  cumulative. 

The  maps  should  be  made  on  a  very  good  quality  of  paper, 

since  they  will  be  subject  to  many  erasures  and  nmrh  wear. 

A  tough  manila  paper  is  commonly  useil,   and  if  slightly  tinted 

will  be  found  to  be  less  tiring  on  the  eyes  of  the  draftsman.    The 

retiminary  lines  are  inked  in  red  and  the  located  line  in  black. 

*  F.  Lairs,  be.  cit. 
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Brown  ink  is  desirable  for  contours,  while  other  topographic 
features  are  inked  in  black.  Topography  not  actually  taken  iii 
the  field,  hut  which  may  he  supplied  from  roufzh  observaiiona  or 
from  other  sources,  should  Ije  dotted  instead  of  full  lines. 

The  Profile.  After  the  level  notes  have  been  chocked  by 
balant-inn  Ihe  backsinhts  and  foresights,  the  profile  should  Ijc 
plotted.  The  preliminary  profile  should  be  kept  up  to  dale  by 
the  levelman  working  at  night,  tiie  notes  being  read  off  by  the 
rodman.  Plate  A  profile  pai>er  (1  in.  =  20  ft.  vertical  and  1  iu- 
=400  ft.  horizontal)  will  be  found  most  convenient.  An  e\'en 
100  ft.  should  be  placed  on  the  heavy  horizontal  line  and  the 
profile  Ijegun  accordinjily.  When  using  transparent  profile  paper, 
it  may  be  found  advantageous  to  work  on  the  reverse  side  so  that 
erasures  will  not  injure  or  oblitcmte  the  engraved  lines.  All 
elevationR  of  liigh-water  marks,  rock  outcrops,  lake  and  pond 
levels,  classification  of  grading  materials,  etc.,  are  plotted  and 
labeled.  The  names  of  streams  should  be  written  vertically 
above  the  crOAsing  of  ihe  stream  on  the  profile.  The  ty|K'  of 
bridge  to  be  constructed  should  be  indicated  and  plotted  on  the 
profile  showing  the  space  occupied. 

After  the  profile  has  been  plotted,  the  locating  engineer  makes 
a  study  of  it  by  stretching  a  fine  thread  along  it  as  a  possible 
Krade  line  in  such  a  position  that  the  cuts  and  fills  will  approxi> 
mately  balance,  or  better,  so  that  the  cuts  will  be  alMiut  15  per 
cent  more  than  the  fills.  The  Unc  should  be  projected  high 
rather  than  tow  owing  to  tlie  greater  ease  of  maintaining  track 
on  a  fill  than  in  a  cut.  Changes  in  grade  shouhl  be  udju.slod  by 
means  of  vertical  curves.  The  rate  of  the  projected  grade  should 
be  taken  only  to  tenths  in  general,  except  where  compensation 
is  made  for  curvature,  in  which  case  huiidreUths  may  be  used, 
although  it  is  not  usually  neces8ar>*  even  there. 

After  the  profile  has  been  completed  for  the  projected  location, 
with  all  construction  features  indicated,  the  lucatiug  engineer 
should  walk  over  the  line  with  the  profile  in  hand  and  study  the 
Bituation  in  the  field  with  regard  to  the  construction  as  planned!. 
Much  money  may  lie  save*!  by  so  doing,  for  the  engintKir  may  see 
places  where  a  slight  shifting  of  the  line  or  a  change  in  type  of 
stream  crossing  will  effect  marked  economy. 

A  rough  estimate  of  the  earthwork  on  the  basia  of  level  'sec- 
tions can  be  rapidly  made  by  reading  center  heights  and  referring 
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to  a  table  of  quantities  for  level  sections;  or  even  more  conve- 
niently by  constructing  a  special  scaU-  which  reads  in  cubic  yards 
per  100-ft.  station  wht»n  appl'cd  U>  the  profile.  This  scheme 
avoids  reading  the  profile  and  louking  in  the  table  of  quantities. 

Paper  Location.  With  the  topography  all  plotted  on  the.  detail 
map,  the  locating  engineer  projects  the  location,  or  inake^  the 
paper  location,  on  the  map  i)y  stretching  a  fine  black  thread  along 
the  proposed  route  and  shifting  it  back  and  forth  by  niean»  of 
pins  stuck  in  the  paper  at  intersection  points,  as  the  contours 
may  indicate  the  portion  of  the  best  location.  This  is  done 
from  time  to  time  as  the  work  progresses  whenever  the  toi>ography 
is  complete  for  a  stretch  of  countrj'  of  sufficient  length  to  admit 
of  a  proper  adjustment  of  grades.  The  amount  of  study  that  can 
be  put  on  a  uiap  at  this  stage  i^  almost  unliiiiiled^  but  the  lack 
of  detailed  accuracy  maj-  render  questionable  a  too  minute  pro- 
jection on  such  a  map.  To  attempt  to  reproduce  a  paper  location 
in  the  field,  wliile  not  an  inifHJssible  t:isk,  is  not  justifiable  I)ecau9e 
of  the  fact  that  the  line  can  almost  always  be  improved  by  mak- 
ing slight  alterations  in  the  field.  Railroads  have  been  located 
by  an  engineer  in  a  (renlral  office  who  was  not  familiar  with  the 
country  to  be  traversed,  but  such  practice  is  not  to  be  commended. 
When  the  [mper  location  has  been  finally  decided  upon,  it  can  be 
inked  in  and  a  profile  taken  off,  if  desinnl.  The  paper  location 
is  an  adiiitional  proliniinar>'  line  and  should  be  treated  as  such. 

Conventional  Signs.  In  the  making  of  railroad  maps,  an 
approved  fonn  of  WHiventiomil  signs  should  be  employed.  Figs, 
68  to  75  show  the  conventional  signs  adopted  by  the  American 
Railway  Engineering  Association,  and  for  the  sake  of  uniformity, 
jfihould  be  generally  used  for  tliis  purpose. 

Cunp  Oiganization  and  Sanitation.  The  efficiency  of  sur- 
vej-ing  parties  will  Ik-  dcpi-ndi-nt  u>  a  considerable  extent  upon 
the  comfortableness  of  their  hving  quarters.  Ecjuipment  should 
be  selected  so  far  as  possible  so  as  to  fold  into  a  minimum 
space.  Tabk^s,  cots,  camp  stools,  etc.,  should  be  of  a  folding 
type.  Each  man's  f>ersonal  baggage  slmuld  be  practically  limited 
to  what  he  can  pack  in  a  suit  case.  .\  light  camp  stove  should 
be  provided  for  a  party  of  considerable  size.  Midday  lunches 
are  eaten  in  the  field,  hence  lunch  boxes  that  can  be  attached 
to  a  man's  belt  and  be  folded  when  empty  should  Iw  provided. 
For  many  practical  suggestions   in  rt^ard  to  details  of  cxunp 
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equipment,    the    reader    is    referred    to    F.    Lavis'   "  Railroad 
Location  Surveys  and  Estimates." 

A  word  should  lie  »aid  in  thia  connection  coDceming  camp 
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Fio.  69. — Buundary  and  Survey  Lines  and  Moutuuenta. 

sanitation.  Some  of  the  dangers  of  camp  life  are  colds,  malaria, 
typhoid,  dy«entery,  snake  bites,  bruises  and  wounds  in  general 
Colds  can  be  largely  prevented  by  keeping  the  mouth  and  nos- 
trils cleansed  by  rinsing  with  salt  water,  by  not  overeating, 


and  by  regularity  of  action  of  the  bowels.    Malaria  is  caused 
'chiefly  by  the  bit  of  the  infected  mosquito  (anophelines).    Its 
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brcodiof!  place  is  stagnant  water,  and  it  requires  about  two 
weeks  for  the  inosqiuto  to  attain  adult  stage  after  being  d«- 
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posited  as  an  e^.  The  malaria  niofwjtiilo  can  be  distinguished 
from  the  ordinar>'  mosquito  (culicinesj  by  its  behavior  in  dif- 
ferent stages  of  its  life.     U  does  nut  travel  far  from  its  place  of 
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hatching,  hence  camp  sites  should  be  select«l  whenever  possible 
?<>me  distance  {say  nt  least  500  ft.)  from  stagnant  pools,  and 
if  that  cannot  he  dom;,  kcroat'ne  should  be  sprayed  over  such 
pools  or  ponds  once  a  week  to  kill  the  mosquitos.  Tj'phoid 
can  be  prevented  almost  entirely  by  inoculation,  and  all  men 
who  are  takeu  into  camp  should  be  inoculated  before  going. 
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Fig.  74. — Track  Sigiui  and  MuceUaoeous. 


Care  ought  also  to  be  exercised  to  we  to  it  that  the  men  drink 
onlj'  wholesome  water.  The  best  quick  and  practical  test  of 
water  is  to  use  only  that  which  i«  being  satisfactorily  used  by 
I  the  local  inhabitants.  Flies  should  be  kept  from  the  food  and 
dishes  by  all  means,  by  usinjj  nettings,  screens,  fly-traps,  fly- 
paper, etc.  The  camp  should  never  be  within  200  or  300  yards 
of  a  bam  or  manure  pile,  for  flies  hatch  in  such  places,  developing 


Province  of  the  Location  Survey.  The  location  survey  con- 
stituUrs  I  lie  linu,l  luijustmcnL  of  thi-  projrrted  line  t(i  the 
topt^raphy.  The  tangents  are  carefully  joined  by  curves  bo 
that  ihi*  center  lino  will  lie  in  the  same  vertical  plane  with  the 
rt!nt*r  line  of  Ihe  finished  Iraek.     The  center  line  thus  laid  out 

■  serves  as  a  jcuide  for  constructing  embankments  and  excava- 
tions, bridges,  cte.  The"  location  survey  consists  usually  in 
nuKiifyiiig  or  changing  to  a  grt^ater  or  less  extent  one  of  the 
preliminary  hues  in  accordance  with  the  information  obtained 
through  the  preliniinaiy  Hiin.'cys,  so  that  an  alipnnieut  and  profile 
will  K'  secured  that  will  enable  the  e-stiniated  fniffic  t<j  Ik*  trans- 
ported most  econoniically.  The  reconnaissance  and  preliminary 
surveys  and  a  study  of  the  topographical  maps  and  the  profiles 

^  nbtnine<l   therefrom     should    give   to   the   hicating  engineer  all 

■  reccesary  information   concerning  the  length  of  line  and  the 

■  cost  of  any  [lossible  shortening,  the  most  practica1>le  gradients 
H  and  Ihc  approximate  cost  of  any  rediirlion  of  the  ruling  gradient, 
H  the  amount  of  curvature  and  the  degree  of  curves,  and  all  other 
H  facts  requirefl  in  the  details  of  the  location.  Having  in  mind 
H  the  cost  of  conducting  tninsportation  as  affected  by  grades, 

distance  and  curves  as  discusHtMJ  in  the  prectnling  chapters,  the 
province  of  the  engineer  in  Ihe  location  survey  is  to  select  the 

I  line  and  profile  that  the  character  and  amount  of  traffic  will 
justify. 
If  the  preliminarj'  has  Iiecn  nm  with  skill,  the  location  line 
should  lie  upon  the  preliminao".  or  apprcvimately  so,  in  easy 
country.  In  developing  along  hillsides  and  in  rough  country, 
the  location  may  deviate  to  a  ronRiderable  extent  from  any  of 
the  preliminar}'  surveys.  Indeed,  it  is  not  at  all  necessary'  that 
H  the  preliminary  should  be  entirely  completed  for  the  entire 
line  before  the  location  survey  is  begun,  but  the  latter  may  follow 
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advantageously  closely  behind  the  former.  However,  this  should 
not  W.  done  iinlil  all  I  he  irifonnation  affecting  the  stretch  nf 
line  lietween  the  pontrolliiig  points  of  alignment  and  elevetion 
is  complet-c,  ia  order  that  the  choice  of  line  for  that  section 
may  hv  final. 

Since  nmch  of  the  detail  of  fitting  the  line  to  the  topography 
consists  in  attaining  elevation  without  excessive  grades,  a  brief 
dist-usHion  uf  sunie  K^'iieml  types  uf  development  may  be  of 
value  in  this  connection. 

Development.  By  developing  a  line  is  meant  inserting  or 
adding  diHtaiiee  in  order  to  decrease  gradients  in  surmounting 
a  given  elevation.  For  example,  if  a  summit  of  105.6  ft.  is  to 
be  attained  in  1  mile,  the  result  will  be  a  2.0  per  cent  grade, 
but,  if  by  winding  back  an<I  f(»rth  on  the  side  of  the  slope,  by 
detouring  and  circling  around  the  hill,  or  by  some  other  device, 
the  distance  cun  be  increased  to  2  miles,  the  grade  will  be  reduced 
to  1,0  per  cent.  The  process  lessens  the  gradient  at  the  cxpen?<' 
of  increasing  the  length  of  line,  an  economical  procedure  under 
must  conditions,  as  may  be  concluded  from  the  discussion  of  the 
prcrefliiig  chapters. 

Theoretically,  by  development,  alruoat  any  summit  may  lie 
attained,  but  practically  numerous  difficulties  arise  to  prevent 
this  in  many  instances.  Tn  developing  a  line,  much  curvature 
is  necessarily  introduced  for  which  the  grades  must  l>e  com- 
pensated, thereby  losing  effectiveness  in  the  added  distance. 
The  v.'ilue  nf  distance,  as  has  been  shown,  varies  with  the  amount 
and  character  of  the  traffic  to  l>e  carried,  and  conscc]Ucntly  the 
amount  that  grades  can  Ire  economically  reduced  by  the  device 
of  adding  distance,  which  accomplishes  no  other  purijost;,  will 
depend  upon  the  amount  and  class  of  traffic,  and  will  be  decided 
by  the  principles  already  discussed.  For  rough  country  and 
average  conditions  of  traffic,  it  may  be  said,  the  actual  length 
of  line  may  verj-  pniperly  In*  f)  to  10  per  cent  longer  tbaa 
direct  route  between  points  of  origin  of  traffic. 

Some  of  the  more  common  cxfredients  or  dcvlccji  for  rwlucin^ 
grades  by  developing  will  Iw  brielly  described  and  illustrated 
this  chapter. 

Detours,     In  slightly  rolling  country  where  the  generi!  natu~ 
ral  slope  or  fall  of  the  country  is  steeper  than  that  desired  as 
the  ruling  gradient,  detours  may  be  made  to  cross  a  ridge  or 


I 
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hollow,  as  shown  diagrammatically  in  Fig.  76.  To  the  untrained 
eye,  ft  certain  terrain  may  appear  practitally  level,  or  even  to 
sloptr  tlowu  Hli}:htty,  while  in  fact  it  ascends  uniformly  at  a  more 
rapid  rate  than  the  ruling  gradient  of  the  railroad.  Instead  of 
a  long  comparatively  shallow  cut,  it  may  be  desirable  to  detour 
sufficiently  to  bring  the  grade  within  the  prescribed  limit. 

This  sort  of  location,  especially  in  mountainous  regions,  gives 
rise  to  the  familiar  *'  horse  shoo  "  and  "  mule  shoe  '*  curves. 
The  term  borst:  shoe  is  applied  lo  a  continuous  curve  having  a 
total  exterior  angle  between  90  and  180  degreeSj  while  mule  shoe 


Fia.  78. — Develo|impnt  by  Dctouni, 


ia  used  to  designate  a  continuous  curve  with  au  angle  greater 
than  180  degrees.  Industrial  roads  have  been  built  frequently 
containing  such  cur\'es,  examples  of  which  are  so  numerous  as 
to  make  further  illustration  unnecessary.  Fig.  77  illustrates 
this  type  of  development  as  used  by  the  Denver  and  Rio  <_!rande 
H.  R.  in  its  appr<;>ach  lo  Marshall  Pass. 

Zigzag  Dcvclupment.  In  the  location  of  mountain  railroadfl, 
the  method  of  ascending  a  summit  by  zigzag  developing  is  \*ery 
common.  It  consist*  of  doubling  or  winding  back  and  forth  on 
the  aide  of  the  sloix"  by  turning  through  half  circles  where  the 
to|)ography  will  permit.  Fig.  78  shows  the  approach  of  the 
Colorado  Midland  R.  R.  to  the  Hagermann  Pass  as  an  illustra- 
tion of  this  type  of  development. 
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Loops.  A  rather  extreme  expedient  for  development  is  known 
as  the  loop  or  spiral,  in  which  the  line  Actually  doubles  back  and 
crossp-s  itself,  thv  dirFiTi'iu't'  in  the  elevations  tif  the  track  at  the 
crosRJng  representing  the  artumnt  of  vertical  cUmb  accomplisheil 
by  the  loop,  and  nothing  more,  for  where  the  track  crosses  over 
itself  then;  has  Ix^en  uo  progress  in  a  forward  direction.  In 
mountainous    regiunR,    particularly    in    the    expensive    railroad 


^*; 


Fig.  77.— Development  by  Detours  on  the  D,  A  R.  G.  R.  R.  near  Man<hall 


Paas. 


building  in  the  Alps,  loops  have  been  resorted  to  by  engineer?  to 
a  great  extent.  Loops  may  be  classified  as  bridge  loops  and 
tunnd  hops.  Fig.  79  shows  the  famous  Georgetown  Loop  of  the 
Colorado  and  Southora  R.  R.,  which  was  originally  built  by  the 
Union  Pacific.  This  is  a  bridge  loop,  the  curve  over  the  trx^stlc 
being  18°  30'.  The  track  is  narrow  gauge.  Above  the  loop  in 
approaching  Silver  Plume  occurs  an  e.xample  of  zigzag  develop- 
ment. 

Fig.  80  shows  the  Tcchachapi  ttmnel  loop  on  the  Southern 
Pacific  R.  R.  north  of  Mojave,  California,  locate<i  by  Mr.  Wm. 
Hood  in   1875.     The  loops    of   the  St.  Gothard  Ry.  in  crose- 
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"  The  total  lenp^th  of  line  is  28  Diiles,  and  the  aAccnt  of  2436 
ft.  between  Turkey  Crwk  and, Crown  King  is  accomplished  in 
a  distance  of  17  miles.  There  arc  ten  switchbacks  with  five 
backup  sections  of  line.  The-se  wctions  are  from  1500  to  4000 
ft.  ia  length,  and  have  slightly  easier  grades  and  curves  than  the 
go-ahead  sections,  in  order  to  give  the  train  a  little  advantage 
in  backiiig  up.     The  lajhi  of  the  back-up  iH^ctiouti  are  at  present 


Kiti.  80. — TechAchapi  Loop  oa  the  .SouthiTii  Pacific  Ry. 

300  ft.  long  and  are  continued  on  a  rising  grade  of  2.0  per  cent 
beyond  the  switeh  standH,  the  maximum  grade  approaching  the 
switch-staniU  Ix^in^  3.5  per  cent.  The  fn^gs  are  No.  6)  and 
No.  9." 

.\n  example  of  the  use  of  the  switchlmck  for  a  temporary  line 
licfoi-e  a  tunnel  could  be  buik  in  the  case  of  the  Creat  Northern 
Kailway  extension  Ihnnigh  tlie  Cascade  Mountains  is  illustrated 
in  Fig.  81.     Many  other  examples  might  1m'  mentione<l. 

In  Jocatiitg  swiicht>acks,  care  must  be  exercised  to  expedite 
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the  operation  of  trairis.  The  tails  of  the  switches  must  be  long 
enough  to  accommodate  the  longest  trains  that  will  pass  over  the 
line,  and  should  be  given  a  grade  in  order  to  conserve  the  energy 
of  the  train  in  slopping  and  allow  the  same  to  be  cxpe-nded  in 
starting  back. 

Supported  Line.  A  supported  line  is  one  on  whieh  the  grade 
follow^j  verj'  closely  the  gnule  contuur  so  that  the  eulH  will  make 
the  fills  within  hauling  distance.  The  tenn  is  applied  most  com- 
monly to  the  Xy\iO  of  location  used  in  rising  from  the  bottom  of  a 
valley  to  the  crest  of  an  adjacent  riclgi;  or  in  [Kissing  over  a  ridge 
in  order  to  avoid  a  tunnel  through  the  ridge  or  a  deep  cut  at  the 
summit.  Fig.  82  is  a  tii-pical  supported  line  on  the  Chihuahua 
and  Pacific  R.  R.  in  Adanu  Caiion,  Many  other  examples  might 
be  mentioned,  but  this  one  will  suffice.  A  supported  line  usually 
involves  rather  extensive  developing,  usually  of  the  zigzag 
character. 

Ttumeling.  The  only  method  of  securing  a  low-grade  location 
in  crossing  a  divide  other  than  developing  on  both  sides  is  to 
tunnel  thmugli  the  range.  Most  ordinary'  summits  over  which 
railroads  are  projetited  could  be  surmounted  by  developing,  but 
btKrausc  of  the  greater  cost  either  of  eonstruetjon  or  of  oiieratiou 
or  of  both,  it  is  frequently  expe<lient  to  tunnel  instcati,  and  the 
decision  between  going  over  a  sunmiit  or  through  it  requires  care- 
ful study  of  all  the  conditions,  in  order  that  tlie  <!hoice  nmy  l« 
wisely  made,  A  preceding  paragraph  recites  the  instance  of  the 
Northem  Pacific  Railway  using  development  temporarily  where 
a  tunnel  was  to  Itv.  the  ultimate  mode  of  construction.  Kven 
where  a  sunmiit  tunnel  is  to  Ijc  built  at  first,  a  considerable  amount 
of  development  is  usually  necessary  before  reaching  the  portal 
of  the  tunnel 

^\*here  tunnels  are  built,  there  should  be  no  cliange  in  grade 
within  the  tunnel  I)e<eau8e  of  the  dangi^r  of  trains  breaking  in 
two  in  passing  a  change  in  grade,  and  the  difficulty  of  detecting 
such  an  accident  by  the  engineman.  Where  a  change  in  grade 
is  unavoidable,  it  should  be  eased  off  by  a  long  vertical  cur\'e. 

Cog  Roads.  In  a  few  instances,  peaks  have  been  surmounted 
by  means  nf  a  cog  or  rack  rail.  The  famous  Pike's  Peak  Rail- 
road in  Colorado  is  perhaps  the  best  known  example.  The 
bt  ^siero,  as  it  is  called,  consists  of  a  toothed  rail  midway 
.worn  the  running  rails  which  is  engaged  by  cogs  on  a  wheel 
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on  the  dri\'uig  axle.  The  cog  road  is  an  expedient  to  be  used 
only  under  extreme  conditions  and  can  scarcely  be  said  to  repre- 
sent a  practical  method  of  crossing  a  divide. 
^  Use  of  the  Paper  Locatioa.  A  wide  difference  of  opinion 
exists  among  engineers  as  to  the  proper  function  of  the  paper 
location.  At  be^l,  it  is  an  aid  only  and  should  not  Ix'  luld  in- 
Tiolsble,  and  wherever  the  engineer  in  the  fielti  obsen'es  a  further 
possible  improvement,  he  ghould  l>e  free  to  make  it.  The  most 
helpful  uaea  of  the  paper  location  perhaps  consist  in  studying 
the  effect  of  "  hinging  the  tangents."  i.e.,  considering  one  end 
as  fixed  iiud  rotating  the  other,  shifting  the  tangents  up  or  down 
the  hill,  and  fitting  the  curves  to  the  topography.  In  the  last, 
named  use  of  the  paper  loeation,  a  set  of  rubber  or  celluloid 
curves  is  extremely  desirable,  although  ft  pair  of  compasses  and 
an  engineer's  scale  will  answer  every  purpose.  In  "  laying  the 
line  around  a  hill,"  the  curve  should  Iw  made  to  cut  the  contours 
only  slightly  less  rapidly  than  does  the  tangent,  and  in  this 
respect  especially  docs  the  detail  map  offer  facilities  for  accu- 
rate adjustment  that  the  field  study  does  not  afford. 

After  the  paper  location  has  been  determined  and  the  curves 
all  drawn  in,  a  profile  should  be  made  with  an  estimate  of  quan- 
tities aiul  a  disposition  of  the  materials  studied. 

The  paper  location  can  be  reproduced  on  the  ground  with 
fiuificiejit  accuracy  by  Kcaling  the  station  plusses  and  di^tnnee.t 
to  the  right  or  left  of  the  preliminar>'  lint;  of  intersections  of 
tangents  and  by  locating  these  points  by  corresponding  measure- 
menU  in  the  field.  To  attempt  to  calculate  the  station  munln'r 
of  the  P.  C.  and  P.  T.  of  cur\'es,  or  any  other  marked  refmeineni 
ap{M-ars  to  be  scarcely  worth  while  in  view  of  the  minor  changoa 
that  nrny  be  made  to  advantage  in  the  field,  although  aoino 
enginwrs  attempt  surh  refinements. 

Selection  of  Curves.  As  suggested  in  the  preceding  paro- 
graph,  the  proper  degree  of  curve  required  to  fit  tlie  topography 
can  best  bi-  selecte*!  by  laying  forms  cut  to  scale  on  the  pnijeeted 
location  on  the  detail  map.  Most  cun'o  forms  are  cut  to  a  scale 
of  100  ft.  to  1  in.  and  if  the  map  is  drawn  to  a  scale  otber  than 
this,  the  curve  fonn  must  1«?  selected  aecordingly.  the  degree 
varying  inversely  with  the  scale.  Curves  of  varioiLs  nidii  or 
degree  can  be  drawn  on  I  racing- linen  to  the  scale  of  the  map  and 
pUced  over  the  map  instead  of  using  the  curve  forms.    Such 


426 


THK  UlCATION  SURVEY 


curves  on  tracing  Hiicn  can  he  stationp<I,  and  in  this  respect  they 
offer  an  advantage  over  the  ordinarj'  ruW)er  curves. 

The  ciuve  should  be  selected  so  as  to  fit  the  ground  moat 
accurately.  Curves  less  than  400  ft.  long  should  not  be  used, 
and  flat  and  reverse  curves  should  he  avoided  if  possible.  Usually 
curves  of  even  degree  or  even  half  degree  can  be  found  that  will 
fit  the  tupugraphy  and  the  convenience  in  making  the  calculation 
thereby  promoted. 

In  running  curves  on  location  surveys,  there  is  a  diversity 
of  practice  as  to  the  error  allowable  in  the  chaining  and  1-he 
instrumental  work.  Over  the  rough  ground  that  is  commonly 
encountered,  great  accuracy  is  not  to  be  expected  and  is  not 
eaeentiai.  Some  engineers  are  content  if  the  last  station  of  the 
curve  is  not  in  error  more  than  0.1  ft.  per  station  of  curve  cither 
in  line  or  in  distance  from  the  P.  T.  as  measured  from  the  P.  I. 
along  the  tangent,  but  it  has  been  the  author's  experience  that 
this  is  needlessly  liberal,  and  that  0.05  ft.  per  station  can  be  readily 
attained  with  a  little  care.  It  may  be  stated  in  passing  that  the 
errors  ar^  usually  the  fault  of  chaining  rather  than  of  measuring 
the  angles. 

In  the  following  outline  of  the  various  curves  used  in  rail- 
road location  and  construction,  no  attempt  is  made  to  give  in 
a  complete  manner  the  formulas  neces.sary  to  the  solution  of  the 
various  problems  that  may  arise,  nor  the  derivation  of  such  aa 
are  listed,  but  an  attempt  ia  made  merely  to  explain  the  nature 
of  such  cur\'es  and  their  general  use,  employing  a  few  formulas 
to  illustrate  their  nature  only,  and  leaving  the  full  explanation 
of  the  same  to  the  various  field  manuals  that  are  available. 

Simple  Curves.  Thret;  tliffcrent  definitions  of  the  degree 
of  curve  may  be  found  in  various  WTitings,  viz.: 

1.  Long  Chord  Definitwn.  The  degree  of  curve  ia  the  angle 
at  the  cent<T  subti^ndwl  by  a  chord  of  100  ft. 

2.  Short  Chord  Definition.  The  degree  of  curve  is  the  angle 
at  the  center  subtended  by  a  chord  of  100  ft.,  for  all  curves  be- 
tween 0*"  and  7°,  by  two  50-ft.  chords  for  curves  between  7** 
and  14",  by  four  25-ft.  chords  for  curves  from  14*  to  24",  and  by 
ten  10-ft.  chorda  for  cun.'ea  above  24*. 

3.  Arc  Definition.  Tlie  degree  of  curve  is  the  angle  at  the 
center  subtended  by  an  arc  of  100  ft. 

The  arc  definition  makes  degree  and  radius  readily^ converti- 


,  and  this  formula 

IB  commonly  used  for  approximate  calculations  for  the  other 
definitions  as  well.  The  arc  definition  is  the  theoretically  accurate 
one,  but  since  practical  methods  of  measuring  by  means  of  tapes 
do  not  permit  the  ready  measurement  of  arcs,  the  next  Im-M  is 
the  short  chord  definition,  which  combines  sufficient  accuracy 
with  practicability. 

Simple  curves  are  circular  area  and  their  use  involves  no 


KiQ.  83.— Bhnple  Curves. 


Other  mathematical  calnil^tionft  than  the  ((eomMry  of  the  circle. 
For  a  complete  exposition  of  railroad  cur^-es,  the  reader  is  re- 
ferred to  any  one  of  the  several  field  manuals  on  the  subject. 
Fig.  W  shows  the  essential  relationships.  With  the  interaeclion 
Jvoint  V  located  and  the  intcFsection  (central)  angle  /  measured, 
the  firat  step  is  to  loi-ate  the  (loiut  of  heginninK  of  the  cur\'e, 


Kfl=K4  =  r=fi  tan^,  and  since 


the  degree   of  curve 
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varies  approximatfly  inversely  a-s  the  racliiis,  the  tangent  dis- 
tance, T,  equals  the  tangent  distance  for  a  I**  curve  divided  by 
the  degree  of  curve  to  be  used.  Tangent  lengths  and  otheT 
functions  of  a  1°  curve  for  variouH  central  angles  can  be  found 
tabulated  in  various  field  manuals.  With  the  transit  at  .4, 
deflections  for  the  successive  stations  are  turned  from  the  tan- 
gent  aud  distances  measured  from  A  around  the  curve.     The 

deflection  angle  to  any  point  is  obviously  -s-,  D  being  the  degree 


M 


y 

Fio.  84. — Coroptrtind  Curve. 


of  CTiPve  and  L  the  length  in  100-ft.  stations  of  the  curve  to  the 
point.  The  final  total  deflection  to  the  P.  T.  should  be,  of  course, 
equal  to  one-half  the  total  deflection  or  central  angle.  Since  the 
curve  is  a  circular  arc,  the  same  law  of  deflections  applies  at  any 
point  on  the  curve.  Approximately,  the  external  distance, 
the  long  chord,  a.s  well  a.s  the  tangent  distance,  are  proportional 
to  the  degree  of  cun'c,  so  that  with  these  functions  tabulated 
for  a  1"  curve  they  may  be  readily  calculated  for  any  degree 
by  sin)]>Ip  division.  The  tangent  offset,  equal  to  \L^D,  may  be 
used  for  laying  out  short  curves  without  the  aid  of  a  transit.     The 

C'^  ■mn 

mid-ordinate  3^,  and  the  ordinate  at  any  point,  -^r^    (C  being 
on  Jilt 


m  anrt  n  the  segments 
ordinate,  respectively),  are  quantities  frequently  used. 

Compound  Curves.  Compound  rurves  consist  of  two  or 
more  simple  circular  arcs  joined  together  and  having  a  common 
tangent  at  the  point  of  compounding,  and  are  employed  tu  make 
the  curve  fit  Ihc  topography  more  closely  than  can  be  done  with 
simple  curves  alone.  Ftg.  8-1  shows  the  essential  relationships  of 
the  two  branches  of  a  compound  curve.  The  following  or  similar 
fonnulofi  for  calculating  the  dements  of  corapnund  curves  are 
proved  in  most  field  manuals  and  are  merely  stated  here: 

Di  and  i)-j  =  degree  of  flatter  and  sharper  curve  respectively. 
i?i  and  R-i  =  radii  of  flatter  and  sharper  curve  respectively. 
7i  and /a  =  central  angles  flatter  and  sharper  curve  respec- 
tively. 
Ti  and  r2  =  the  longer  and  shorter   tangent  lengths  respec- 
tively, 
the  total  intersection  angle. 


I 
I 


Ti 


Ri^Rs-^ 


R2=Rx- 


Ii+h 

T    r,  sin /-fi,  vers/    1 

2  tan-^f    iZi  vers  l-r,  sin/    1 

iRi-Ri)  ain/i-f-WzBinZ-racos/,  . 
—  (Hi-fi3)8in/2+/?i  sinZ-Ti  cos  /, 
ri  +  T2Coe/~H2sin/ 


sin  /| 

ffisin/-ricoH/-ra 
sin  h 


U) 

(2) 

(3) 

(4) 
(5) 

(6) 

(7) 


In  the  ahovp  equations,  the  maximum  value  of  h  or  /i,  is  / 
and  the  maximum  value  of  K2  is  T2  cos  §/. 

Many  of  the  problems  arising  in  connection  with  compound 
curves  can  lie  conveniently  solved  graphically  as  shown  in  Fig. 

*    The  perpendiculars  erected  at  B  and  ^t  meet  at  X.     On 

*  Field  Engineering,  W.  H.  Searles,  p.  103. 
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VX  describe  a  circle;  this  circle  will  obviously  pass  through 
A,  B,  X,  and  V.  The  bisector  of  the  angle  AVB  cuts  the  circle 
ate. 

Proposition  I.    The  arc  APDB,  drawn  with  C  as  a  center  and 
CA  as  a  radius,  is  the  locus  of  all  points  of  compound  curvature. 

Proof:  Ang.  CPO'  =  Ang.  CAO' 

CPO  =  CBO 

CBO  =  CAO' 

:.  CPO  =  CPO' 

and  O'P  and  OP  coincide  fonning  the  common  radius.  A  point 
on  CP  at  greater  or  less  distance  than  the  radius  of  the  arc 


Fig.  85. — Graphical  Solution  of  Compound  Curves. 

would   not   make   the  angle  CPO'  equal  to  CAO',  hence  could 
not  be  a  point  of  compound  curve. 

Proposition  II.  The  circle  with  C  as  a  center  and  a  diameter 
equal  to  the  difference  between  the  tangent  lengths  is  tangent  to 
the  radii  of  the  curve  drawn  at  the  P.  C,  the  P.  C.  C,  and  P.  T. 


I 
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Proof:  Draw  the  perpt-ndicwlar  from  C  to  the  radius  at  N. 
Whatever  the  position  of  P  (so  long  as  it  is  on  the  arc),  the  size 
of  the  riftht-anglcd  triangle,  NFC,  is  constant,  since  the  angle 
at  /'  is  constant,  iM-ing  always  equal  to  CAX,  and  one  side,  CP, 
is  constant,  being  the  radius.  Hence,  the  line  NC*\b  constaiit 
and  the  lino  PS  is  tangent  to  the  circle. 

These  two  propositions  enable  one  to  make  a  graphical  plot 
on  a  contoured  map  and  to  select  the  elements  of  the  compound 
curve  that  best  fit.s  the  topography. 

Reverse  Curves.  Ueverse  curves  consist  of  two  simple 
curves  joined  without  an  intervening  tangent  and  curving  in 
opposite  directions.  For  main  line  construction,  their  use  is 
to  Ije  eondeiuneil  owing  tu  the  abnjpl  rhange  in  direction  and 
wiperclevation.  All  curves  on  main  line  in  reverse  direction 
should  have  sufficient  tangent  inteiTening  to  allow  cars  to  right 
themselves  after  leaving  one  t-iirve  Iw^fiire  entering  the  next. 
The  Committee  of  the  American  Railway  Engineering  Association 
reconunend  sufficient  stmce  hetwei'n  the  [wints  of  spiral  to  allow 
at  least  four  freight  cars  to  riRht  themsc'Ives  l)efore  entering  the 
second  curve  and  1000  ft.  between  the  cur^'-cs  if  such  distance 
can  be  obtained  without  too  gi-eat  expense.  On  railroad  location 
in  mountAinuuiS  regions,  it  is  fnKpiently  difficult  to  avoid  reverse 
curves,  and  as  a  result,  in  such  regions,  their  use  is  common. 
The  s)>irals  at  the  adjacent  ends  of  two  curves  in  opp4>Hite  dirt^c- 
tiona  may  be  shorterjeil  somewhat  in  order  to  provide  a  short 
piece  of  tangent  between  the  curves,  rather  than  to  reverse  at 
the  point  i^if  spiral. 

Transition  Spiral.  To  avoid  the  sudden  change  from  straight 
track  to  circular  curve,  transition  curves  arc  introtluaKJ  which 
allow  a  train  U>  enter  a  curve  and  to  attain  the  superelevation 
of  the  curve  griidually.  A  transition  curve  is  one  whose  degree 
of  curve  varies  with  the  distance  from  the  beginning  from  0 
degree  on  the  tangent  to  the  degree  of  the  circular  curve  where 
it  joins  the  latter.  This  transition  curve,  as  developed  by  Prof. 
A.  N.  TaIlH>t  •  and  adopted  in  a  slightly  nuKlified  form  by  the 
American  Raihvny  Engineering  Aasoeiation,  can  l)e  run  in  with 
about  the  same  facility  us  .•simple  curves  and  in  a  similar  man- 
ner. Without  attempting  to  derive  the  equations  for  the  use  of 
this  elegant  spiral,  the  following  elementary  properties  may  be 
*  'l*he  Railway  TraruitioD  Bptrd,  A-  N.  Talbot. 
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briefly   stated   which  describe  its  essential  featiirea.     See  Fig. 
8G. 

D  is  the  decree  of  curve  at  any  point  on  the  spiral,  a  is 
rat«  of  change  in  degree  per  100  ft.,  /,*  the  length  of  the  spiral 
up  to  any  point  in  100-ft.  stations.  D  =  aL;  the  deflection  angle 
from  the  |H»inl  of  spiral  (P.  S.)  to  any  |>oiut,  d=iaL^;  the  total_ 
deflection  angle,  A  =  \aIJ. 

For  moving  up  on  the  Ejpiral,  use  is  made  of  the  property 


P.S.T. 


OfMUMi  P,C.T. 


S: 


Fio.  86— The  Transition  Spiral. 

the  Spiral  that  the  rate  of  deflection  from  the  oeculating  circle 
is  constant  and  equal  to  ^oL*.  Hence,  to  calculate  the  deflec- 
tion at  any  point  A  to  another  point  B,  the  deflection  of  the 
simple  curve  whose  drgrcc  is  that  of  the  spiral  at  A  i.s  fouml 
for  the  chord  AH,  and  the  constant  deflection  of  the  spiral  for 
the  length  AB  is  ndcled  or  subtracted  according  as  the  point  B 
18  forward  or  backward  on  the  spinil  from  ^4.  To  turn  to  the. 
tangent  at  .4,  backsight  on  P.  S.  and  turn  off  6a  — Ba,  or  usuall 


TRANSITION  SPIRAL 


433 


26a-  The  use  of  the  spiral  necessitates  offsetting  the  simple 
curve  inward  from  the  (aiigetit  a  firtain  distance,  o=.0727aLi', 
where  Lt  is  the  total  length  of  tiie  spiral  in  stations.  The  total 
tangent  length  from  the  point  of  intersection  to  the  P.  S.,  where 
the  spirals  at  both  eadi  are  sunlLar,  is, 

T^5()L,-  Mm27a-W-\-iR-\-o)  tan  |/. 

The  proper  length  of  the  spiral  to  use  depends  upon  the 
rapidity  with  which  a  coach  can   be  tilted  for  superelcvfttion 


S 


TO 


CO 
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Fia.  87. — Minimum  LenKtii  of  the  Transition  Rpiral. 


without  discomfort  to  passengers  and  undue  shock.  If  the 
Hiiprrplpvatinn  is  csfablished  acconliiig  to  the  degree  of  curve, 
then  the  superelevation  run-ofT  is  an  inclined  plane  for  the  tran- 
sition spiral,  lliis  rate  has  been  found  by  exfKrieiiec  to  be 
about  \\  to  2  ins.  per  second.  The  latter  figtire  is  used  by 
the  Chicago,  Milwaukee  and  St.  Paul  Uy.  and  others  with  appar* 
ently  sati-sfactory  results,  hence,  it  is  a4.lopt4xl  in  this  discussion. 
The  time  required  to  attain  the  total  superelevation,  e  inches, 


at  this  velocity  is  ^  seconds. 


This  superelevation,  by  a  previous 
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paragraph,  is  .00066]''D  ins.     Hence,  where  s  is  the  length  of 
the  spiral  in  feet, 


2< 
1.4671' 


.OU066  PD,     or     s  =  .00050  T^^  J). 


This  equation  indicat4?s  the  pro|M"r  louKth  of  spiral  for  a 
2-in.  rise  per  second.  Hpinils  with  I^-ins.  rise  jH^r  second  jtive 
ea.Hier  riding  curves,  hut  the  re-sulting  spirals  are  one-third  longer 
than  the  above  would  indieate.  I'iti.  87  rIvcs  the  inininiuin  length 
of  spiral  reconuiieiid(Hi  hy  thn  Aineriran  Railway  Eugineeriug 
Association,  which  represents  lengths  essentially  the  same  as 
result  from  the  above  equation. 

The  prf'-scnt  disoussion  does  not  warrant  a  more  complet.e 
statement  of  the  properties  of  this  useful  curve,  and  for  its  further 
applications  the  reader  is  referred  to  "  The  Railway  Transition 
Spiral."  hy  Prof.  A.  X.  Talltnt. 

Vertical  Curves.  Wherever  a  break  or  change  in  grade  occurs 
anuMintinn  in  niarir  than  about  0.2  ptT  ei;nt  algebraically,  a  ver- 
tical curve  should  be  u.'*rd  to  join  the  two  gnidofl.  The  difficulty 
in  operating  trains  ov^r  a  break  in  giade  arises  from  the  tendency 
of  the  rear  ears  to  crowd  or  hunch  on  to  those  in  front  in  passing 
over  a  sjig,  with  a  consequent  sudden  reversal  in  strefis  in  the 
draft  gear.  Unless  the  break  in  grades  i?  ]>artieularly  sharp,  no 
S|>e['ial  danger  arisi's  in  r)assing  a  summil,  except  that  the  strain 
in  the  draft  gear  is  suddenly  inereased  due  to  the  fact  that  a 
part  of  the  train  at  the  instant  of  passing  the  summit  ceases  to 
be  load  and  l)y  virtue  of  gravity  Iwcoraes  a  pulling  fori».  Sinee 
the  draft  gi'ar  is  designed  to  withstand  a  grtyil<!r  accelerating 
force  llum  any  reasonable  difference  in  grade  would  cause,  tins 
difficulty  is  not  serious.  The  rate  of  change  in  grade,  therefore, 
might  properly  be  made  mu<:h  greater  over  suniniiLs  than  through 
Bags. 

An  entirely  theoretical  basis  for  choosijig  the  proper  rate  of 
change  of  grade,  or,  in  other  words,  the  length  of  the  vertical 
curve,  is  practically  impossible,  and  most  rules  are  fonuulatcd 
entirely  from  practice.  The  parabola  has  become  almost  uni- 
versally used  for  vertical  curve^s  owing  to  the  ej»se  of  (ailrulating 
offsets  to  it.  If  4  lbs.  per  ton  be  tu«wumed  as  a  minimum  value 
of  train  resistance  while  running,  then  cars  should  not  bunch  in 


passing  &  sag  wbcrc  the  difTorcnee  in  sradcs  is  not  greater  than 
0.2  per  cent.  With  the  raio  of  chanf^  in  ^t^de  of  0.2  per  cent 
per  station,  this  would  make  the  length  of  the  vortical  curve  in 
a  sag  5(0'i— (ja),  where  6^i  and  G'a  arc  the  per  cents  of  grades. 
However,  the  American  llailway  Knglneimng  Association,  from 
a  study  of  practice  of  various  roads,  recommends  longer  curves 
than  this  would  indicate.  "  The  length  should  be  detcnnined 
by  the  gradients  to  be  connected.  On  Claiw  A  roads,  rates  of 
change  of  0.1  per  station  on  summits  and  0.05  per  station  in  sags 
fibould  not  be  exceeded.  On  minor  roads,  0.2  on  sunuuits  and 
0.1  in  sagH  nmy  be  used."  This  would  make  the  length  (in  sta- 
tions) of  the  curves  as  follows: 


cu 


I  A. 


On  sumniita 10(Gi-0  ) 

, In  sags 20(Gi-G2) 


Minor. 

5(G,-(?2) 
!0((?,-C?2) 


These  lengths  would  Iw*  diflficiitt  to  obtain  under  most  condi- 
tions of  heavj'  grades. 

Since  the  rate  of  change  of  gradient  constitutes  the  second 
derivative  of  the  elevation  t\*ith  respect  to  the  length,  the  gradient 
Iwing  the  first  derivative,  the  curve  thas  formed  is  a  parabola. 
The  equation  of  thin  parabola  may  !«•  derived  a-s  follows,  L  being 
the  length  along  the  curve  in  stations,  and  h,  the  elevation,  of 
any  point  on  the  cuitc: 

— r2  =  r,  the  rate  of  change; 
'jf^^^'^^f  when  L=0,  ^  =  thc  grade  g\ 


h'^'-^+gL^C,  when  L  =  0,  A  — elevation  of  the  first  station,  E, 


Hence, 


This  equation  can  bo  used  as  a  formula  for  finding  the  eleva- 
tion of  any  point  on  the  curve,  or  the  elevations  may  be  computed 
directlv  as  follows: 
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Take  a  sag  formed  by  a  —0.5  and  a  +0.3  per  cent  grade  on 
a  class  B  roacl,  the  change  in  grade  occurring  at  Sta.  870.  The 
length  of  the  vertical  curve  for  a  0.1  rate  of  change  would  Ite 
800  fl.,  or  400  ft.  on  either  side  of  the  vertex.  Fig.  88.  The 
deviation  in  rate  of  grade  for  the  first  station  is  half  the  allowed 
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Fio  88— Vertical  Curve. 


change,  etuce  the  divergence  is  from  a  tangent  to  a  chord  instead 
of  between  two  chords.    The  results  may  be  tabulated : 


Elevation  Sta. 


0^ 


1  '  < 


866=98.0 

867  =  9S.O  -(  0.5-0.05)  =97.56 
868=97.55-(  0.45-0.1} -97.20 
8G9  =  07.20 -(  0.35-0.1^=06.05 
070  =  %.y5-(  0.25-0.1)  =06.80 
971=96.80-C  0.15-0.l)=96.75 
972  =  90.75- (  0.05-0.1)  =96.80 
97y  =  HC.S0-{-0.05-0.I)  =  96,95 
974  =  9fi.96-(-0.I5-O.l)=97.20 


Another  method  of  calculating  the  elevations  of  stations 
the  vertical  curve  may  be  more  wmvenicnt  for  short  curves.  The 
elevations  of  Statioius  800  and  874  in  the  above  problem  are  known 
from  the  original  gradients  when  the  length  of  the  cur\'e  is 
known.  These  arc  98.0  and  07.20  respectively.  The  elevation 
of  X  on  the  chord  at  tlie  niidtlle  ia  the  mean  of  these  elevatioi 
or  97.6.  The  middle  point  of  the  curve  is  half  way  between 
and  the  vertex  whose  elevation  is  96.00,  hence  the  elevation  of 
the  middle  of  the  tnirve  is  90.80.  Ry  the  property  of  the  para- 
bola that  the  ordinates  van.-  as  the  square  of  the  distance  aloi 
the  tangent,  the  offset  at  Station  867  is  i*g  of  .80  =  0.05. 
added  to  the  elevation  of  Station  807  on  the  atrftight  grade  gives 
97.50+0.05  =  97.55.  The  ordinate  at  the  second  station,  viz., 
Station  868,  is  four  times  0.05,  or  0.20.    This  added  to  97.00,  the 
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elevation  on  the  ivgular  grade  gives  97.20,  the  elevation  on  the 
curve.  The  reiuainder  of  the  elevations  can  be  calculated  in  a 
sinutar  manner. 

Kotes.  Location  survey  notea  are  kept  in  an  nrdinary 
transit  note  book  in  a  similar  manner  to  preliminary  sun'cy  notes. 
On  the  left-hand  page  arc  sliown  all  aligimicnt  not<;s  mcluding 
curve  description  and  cun'e  deflections,  spiral  deflectiona,  etc. 
Sketches  and  supplemcntar>'  notes  are  recorded  on  the  right- 
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Fia.  89.— Railway  Location  Transit  Notes. 
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hand  page.  The  Btation  and  plus  of  intersection  with  any  pre- 
liminary lines,  of  roads,  fences,  streams,  the  location  of  huildingm 
near  the  center  line,  properly  ownership  and  other  obBervations 
that  may  be  needed  in  making  the  right-of-way  maps  complete, 
should  l)c  indicated  in  the  location  survey  notes.  Fig,  89  shows 
a  sample  page  of  such  notea. 

Location  Profile.     Careful  levels  are  run  over  the  located 
line  and  a  profile  plotted  similar  to  that  of  the  preliminary,  and 
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the  projected  grade  lines  are  drawn.  It  is  rardr  neceeaaxy  to 
use  gradients  n-itb  greater  refinement  than  tbe  neareet  teaih 
per  cent.  Compensation  ma^*^  well  tx^pn  at  the  oearest  crren 
station  to  tlie  P.  C  of  the  simple  curve,  or  the  middle  of  ibv 
spiral,  or  where  a  vertical  cur^'e  is  desirable  because  of  the  com- 
pensatiou,  tbe  vertical  curve  may  be  extended  along  tbe  sptniL 
Vertical  curves  should  be  drawn  on  the  [Hofile  and  all  compenaa- 
tioas  allowed  Tor  and  indicated.  The  location  profile  aboold 
thow  all  informatioD  needed  in  canning  on  construction,  saA  as 
high-water  marks,  soundings,  estimated  quantities,  po»tioQ8  sih] 
types  of  bridges,  ete. 

On  the  same  sheet  at  the  bottom  should  be  shown  the  align- 
ment as  illustrated  in  Fig.  90.  While  other  conventions  have 
been  used  for  shoeing  the  alignment,  this  is  the  one  adopted  by 
the  American  Railway  £jigineeniig  Association,  and  it  has  th« 
advantage  nf  representing  to  scale  the  horizontal  projection  of 
the  profile,  and  points  on  the  one  correspond  exactly  to  corre- 
sponding points  OM  the  other,  a  relatiuu  iliai  does  not  obtain 
when  arbitrary  cur\*es  are  used  to  illustrate  curved  aliganKnt. 

A  complete  profile  that  well  illustrates  good  practice  is  re- 
quired to  he.  furnished  by  ihc  Interstate  Commejce  CommissioQ^ 
as  shown  in  Fig.  90,  which  will  be  made  up  thus: 

"  (a)  Roadway. — Show:  Tbe  vertical  projection  of  the  ori|;iaal  gruund 
surface  on  center  line  of  the  railway;  present  grade  line  ^top  of  nnd- 
bed  subgrade);  rates  of  grade,  elevations  (sea  le%-el  datum}  at  all  points 
of  change  of  grade  at  CAch  ead  of  sheet  and  where  profile  is  ^ntikcn; 
and  station  and  plus  to  points  of  change  of  grade,  luid  the  stotifm 
nuroberi  at  each  1000-foot  inlerxal  near  the  lower  border  of  the  dieet. 
"  (6)  Stnidures. — Show:  Bridget,  treaties,  culvertii,  retaining  walls, 
tunnels  and  other  roadbed  structures  in  vertical  projection,  stating  kind 
and  general  diraetwions.  average  depth  of  penetration  of  piling  ia  meh. 
bent  in  trestles  or  other  under-atnictiires,  by  vertical  projection;  char- 
acter of  and  depth  of  foundation  bed  of  masonry  structures  by  vfrtieaJ 
projection;  reference  to  railway  file  numbers  of  detail  standard  or  ipeeiat 
plans  by  wliich  the  structure  wan  built:  exie<ting  mile  posts;  and  the 
station  and  plus  of  each  of  the  above  indicated  iraproveroenta. 

"(c)  Quantitirs. — Give  ft  summary  of  construction  quantitia  to 
subgrade.  including  rtMidway,  bridges  and  culverts. 

"  (d)  Alignnxent  and  Trark. — Show  in  the  lower  2l-in.  space  of  the 
profile  sheet  the  center  Une  of  each  main  track  developed  into  straight 
line  or  lines,  with  alignment  notes  of  curves  stated  io  figures;  the  itation 
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td  plus  at  points  of  cur\-es  and  tangents,  and  other  data,  such  as  pass- 
ig  track.4,  depot  buildiufpi,  wator  unci  fii'pt  stalion.s,  highway  croAsinga, 
important  water  coursf^s  that  will  ati.sist  in  inlcrpreLiiiK  IIk;  profile. 
fFor  ptottinR  transversely,  a  scale  of  1  in,  equnJs  200  ft.  shall  be  used." 

Right  of-way  Maps.  For  permanent  records,  rightH>f-way 
niaiKs  sliould  be  made  to  a  uniform  scale  and  size  of  sheet  abow- 
ing  width  and  other  features  of  the  right  of  way  (R.O.W.),  the 

townera  of  contiguous  property,  as  well  as  the  dimeDsions  and 
descriptions  of  the  various  parcels  owned  by  the  railroad.  Fig. 
91  shows  the  form  of  right-<jf-way  ui:ip  p^ei^(■ri^M!d  by  the  Inter- 
state Commerce  Commission,  which  is  a  verj'  complete  illustration 

,C>f  this  class  of  maps.  Maps  of  city  right  of  way  art-  necessarily 
Irawn  to  a  larper  scjile  and  show  property  rights  in  more  detail. 

tFor  convenient  reference,  maps  of  Btation  grounds  are  frequently 
drawn  as  sketches  and  not  to  scale,  the  important  features  lieing 

P'  Kji  enlarged.  The  Interstate  Commerce  Commission  has 
cd  the  following  instructions  concerning  the  preparation  of 
tr-of-way  maps: 
'  On  the  Kight-of-Way  and  Track  Map  shall  be  shown  the  follomng 
^: 
'  («)  BoundaTy  Linet  of  AU  Right  of  Way.  The  term  right  of  way  as 
I  ucrein  used  uicludes  alt  land  owTied  or  used  for  purprj«e(i  of  a  common 
carrier,  no  matter  how  acquired. 

B"  Show:  \Vi<Uh  of  right  nf-way.  in  figures,  at  each  end  of  the  sheet 
and  at  points  where  it  change  of  width  occurs,  with  station  and  plus 
of  (iuch  points;  boundan.'  Wnes  and  dimensions  of  each  separate  tract 
acquired;  a  schedule  of  deed,  custodian's  number,  the  name  of  grantor 
and  grantee,  kind  of  instriuneut,  date  and  book  and  page  where  rc- 
oorded.  Each  tract  of  huid  ^haW  be  given  a  serial  number  and  listed  aeri- 
ally in  the  srhcduie,  'Vhe  ^cheiiule  shall  alrui  include  reference  to  leases 
to  the  compiuiy,  franehiws,  ordinances,  grants,  and  all  other  methods 
of  acqui'^ition. 

(6)  Boutviary  Lints  of  Detached  Londx.    Where  same  can  be  shown 
ly.     The  term  detached  tiuxls  as  herein  used  includes: 
"  (1)  Lands  owiuhI  or  used  fur  jmrposcs  of  a  common  carrier,  but  not 
adjoining  or  ctinnocting  wHih  other  lands  of  the  carrier. 

"  (2)  \Amh  owned  and  not  used  for  purposes  of  a  common  carrier, 
eitber  adjoining  or  disconnected  from  other  property  owned  by  the 
carrier. 

"Show:    Boundarj"  line;*  .ind  dimensionK;  distance  and  hearing  from 
point  on  the  boundary  Uue  to  ttume  uaitablishcd  point  or  {tennanent 
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land  comer,  where  practicable,  luid  separately,  on  the  schedule  above, 
the  lands  not  used  for  purposes  of  a  common  carrier. 

(c)  ItUeracciing  Property  Lines  of  Adjacent  Ijondovners.  Where  the 
information  it*  in  the  ix>ssci«Mion  of  tlie  carrier  show:  Tlie  property  lines 
of  ad;ucent  lundonTiers,  the  station  and  plus  of  important  iiiterwctioos 
of  property  lines  with  center  line  of  railway  or  other  railway  base  line, 
and  the  names  of  owners  of  tlic  land  adjacent  to  the  right  of  way. 

(d)  Inier»eciing  tHvudonai  ImjiA  Line*.  Show:  S^tion,  townstiip, 
county,  State,  city,  town,  village,  or  other  governmental  lineA,  with 
nanocH  or  designntjoni^;  the  width  and  names  of  Ktreet«  and  higbwa>'8 
which  intersect  the  right  of  way;  and  the  station  and  plus  at  all  such 
[Kiint^  of  crossing  or  intsracctiona  nith  center  line  of  railway  or  other 
railway  base  line. 

"  (e)  Division  and  Subdivision  of  Landi  Beyond  the  LimiU  of  the  Right 
of  Wny.  Where  the  information  is  in  the  possesaion  of  carrier  show: 
The  seetitjn  and  cuiiirtcr-sectioii  lines  for  a  maximum  distajice  of  1  mile 
on  eat'h  side  cif  ttii?  i^enter  or  biiiw  line  of  railway  where  the  land  has  beta 
Bubdivided  into  Um'nships  and  sections;  such  data  as  to  div-ifdonfi,  tracte, 
streets,  alleys,  blocks,  and  lots,  where  the  land  has  been  divided  in  eonu 
other  way  than  by  sections;  the  distance,  where  known,  from  railway 
hn.se  line  1o  permanent  land  corners  or  monuments;  and  the  h&tv  line 
from  which  the  railway's  lands  were  lucate<l  (center  line  of  first,  second, 
third,  or  fourth  main  track  or  other  base  line). 

"  (/)  Alignment  and  7'rac-kit.  Show;  The  center  line  of  e^ich  main 
and  t<ide  track  when  such  tracks  are  outside  the  limits  cov-ered  by  the 
Sl^ition  Maps  and  center  line  of  each  main  track,  al^o  inside  Station- 
Map  limits;  the  length,  in  figures,  of  all  sidetracks  from  point  of  switch 
t4>  {Kiint  of  swit.ch,  or  point  of  switch  to  end  of  track;  all  otlter  railways, 
crossed  or  connecting,  and  state  if  crossing  is  over  or  under  grade,  and 
give  Uiime  of  o^vner  of  such  tracks;  survey  station  numlxr  at  fveo 
1000  srale-feet  interv'als,  and  station  and  plus  at  points  of  all  miun 
line  switches  at  points  of  curves  and  tangenta  and  at  bt^nntng  and 
ending  points  on  each  sheet;  the  degree  and  central  angle  of  curve 
and  joint  tracks  and  ownership  thereof. 

"  ig)  Tmprovement«.    Show:    Station    and    office    buildings,    sht 
cnginehuuscs,    fuel  stations,  water  stations,   etc.   (owned  by  the 
nor),  in  general  outline,  where  it  can  be  done  clearly.    Also  in< 
conventionally:    Bridges,   trestles,   culverts,   tunnels,    retaining   xvi 
cattle  guanis,  milejx^st.s,  nignal  bridges  and  ground  masts,  fences  by  nt 
only,  and  other  principal  railway  structures  owned  by  the  carrier, 
general  data  as  to  dimensions;  and,  where  practicable,  pipe  lines,  sci 
underground  conduits,  panng,  curbing,  or  similar  works  located  on 
right  uf  way  of  the  carrier  or  adjoining  and  owned  by  the  carrier 
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whole  or  in  part.    Give  atatioa  and  plus  to  all  important  structures  which 

are  outlined  above. 

"(A)  Topographiad  Fealum.  Show:  Rivere,  crwka, water  courses, 
'highway  cruesinKs,  etc.  Give  names,  where  knowik,  and  when  high- 
|vBy  croijsiuga  arc  over  or  under  grade,  so  Dtate." 

Description  of  Right  of  Way.  Describing  accurately  an 
irregular  piece  of  land  ia  not  a  piinplo  process.  ^Hiere  the  parcel 
consists  of  a  strip  of  uniform  width,  the  description  frequently 

refera  to  it  as  a  strip feet  wide,  feet  on  either  side 

of  the  X  A  y  railway,  and  containing acres,  more  or  less. 

This  description  would  be  improved  if  in  addition  to  the  above 
stato-me-nt  the  complete  referencing  as  to  township  and  range 
lines  were  included.  In  the  eastern  states,  the  rectangular  system 
of  public  land  t>ur\'eya  does  not  obtain,  hence  description  by  metes 
and  bounds  is  the  only  recourse  there,  and,  indeed,  this  may  be 
the  l)cst  method  in  other  cases  as  well.  Where  the  boundary  of 
the  tract  involves  curves,  it  is  necessary  to  descrilje  the  courses 
in  terms  of  such  curves,  preferably  avoiding  spiral  curves  in  the 
dcseription,  for  they  lack  definitenesa,  and  ordinary  curves  of 
circular  arcs  will  suffice. 

PA  very  common  form  of  description  is  as  follows:  All  that 
tract  or  parcel  of  land  situated  in  the  County  of and  State 

of ,  and  con!ii><ting  of  a  strip  of  land feet  wide, feet 

K  on  either  side  of  the  located  center  line  of  the  X  &  Y  Railroad 
where  the  said  railroad  passes  through  the  lands  of  the  party  of 
the  first  part;  the  said  Iwjated  center  line  lieing  dtwcrilwd  as 
follows,  to-wit;  Beginning  with  the  intersection  of  the  said 
loeated  center  line  of  the  X  &  V  llailroad  with  the  westerly 
boundary  line  of  Section  4,  Township  63  N.,  Range  8  W.  of  the 

■  4tb  PrincifHil  Meridian,  distance  southerly  on  said  section  line 
I      1762.4  ft.  from  the  W.N.  corner  of  S<'ction  4,  and  running  thence 

N  4e*  12'  E,  true  bearing,  22G0.0  ft.,  more  or  less,  to  the  intcr- 
Heection  of  the  said  locatinl  center  line  of  said  railroad  with  the 

■  northerly  lH)undary  line  of  said  Section  4;  containing acres, 

■  more  or  less. 

H  Tunnel  Surveys.  Tunnels  may  be  built  through  hills  too 
high  or  too  steep  to  aui-mount  and  under  streams  too  wide  to 
bridge.  When  a  hill  or  ridge  is  so  low  that  a  transit  line  and 
levels  can  be  run  directly  over  the  top,  the  surveys  for  tunnel 
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construction  are  very  Bimple,  but  where  triaiigulation  must 
reeort«d  to  the  necessity  for  extreme  accuracy  in  the  operatif 


FiQ.  92.— Triangulalion  for  Ibo  Himt^ou  Tunnel. 
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Fiu.  03. — Triangulation  for  tbo  East  River  Tunn^ 

increases,  and  the  problem  becomes  much  more  difBcuU.  Fig. 
92  shows  the  method  of  triangulatioii  for  the  Simplon  Tunnel 
under  the  Alps,  and  Fig.  03  ehows  the  method  of  triangulation 


employed  in  establishing  line  for  the  tunnel  under  East  River 
between  New  York  and  Brooklyn.* 

In  the  former  cast',  astronomical  instruments  of  great  pre- 
cision were  employed,  while  in  the  latter  ordinary  engineering 
transiU  were  used.  The  former  tunnel  is  9.25  miles  long  and  the 
tatter  1.14  miles  long.  The  n-aults  with  respect  to  accuracy  of 
some  tunnel  surveys  are  given  below : 

TABtE  LVII 
ACCURACY  OF  TLNNEL  SURVEYS 


I 


Dfttp 

Ot>cticd . 

MUm. 

Ebkom. 

TuaoH. 

Li  US, 
Fl. 

ElevKiioD, 
F» 

lyCOKtb. 

Fi. 

Mt  Cenis 

fii.  Ciothard. . 

1871 
1S81 
1005 
1902 
1907 
1908 

7.9 
9.25 
11. a 
10 
l.H 
1,14 

0 

1.D8 

0 

0  16 

0.0! 

0.13 

1.0 
0.10 
0.33 
0 

0.01 

45  too  louft 

Rnplon 

wanhatt&u  Ry 

E.  River,  So 

E.  River,  No 

6.4 

0.2 
0.2 

Line  and  elevation  determination  aw  by  no  means  the  moet 
difficult  and  indefinite  part  of  tunnel  surveys.  A  study  of  the 
geological  foitniitions  by  obser\'ation  of  outcroppings  and  by 
bonngH  is  essential  in  order  to  predict  the  character  of  the  material 
to  be  penetrated.  Where  the  outcrops  indicate  hard  rock  without 
much  weathering,  it  in  probable  that  solid  rock  will  Iw  encoun- 
tered, but  where  the  outcro|j8  are  seamy  and  fisHured,  it  is  alto- 
gether likely  that  timlxiring  will  be  necessary.  Btriita  of  clay  and 
sand  should  esp<'cially  lie  looked  for. 

■  Cost  of  Surveys.  The  railroads  that  were  located  during 
the  la.st  «'ntur>-  were  located  at  a  coat  of  probably  less  than  $100 
per  mile  on  the  average.     In  fact,  a  statement  frequently  met 

■with  is  that  preliminary-  and  location  surveys  for  a  railnwd 
average  $100  per  mile  and  vary  from  $50  to  $UiO  [)er  mile.  As 
a  matter  of  fad,  with  the  increased  wages  and  superior  type  of 
engineers  on  railroad  work  at  the  present  day.  perhaps  the 
average  cost  !<hotiId  Ih-  considcrrd  us  Iteing  U^twcen  $150  and  $200, 
and  it  will  frequently  aniumit  to  $400  ur  $500  per  mile.     Where 

•  Trans.  Am.  8oc  C.  E.,  Vol.  LXXV,  p.  68. 
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a  careful  study  of  economic  conditions  in  made,  the  coat  will 
ver>'  naturally  be  higher  than  where  the  line  is  projected  follow- 
ing the  topography  generally  and  accepting  whatever  gradce 
may  Iw  readily  secured.  The  following  data,  Tables  LVIII 
and  LIX*,  give  an  idea  of  relative  costs  and  rates  of  progress  on 
preliminary  and  location  surveys.  The  length  of  line  in  qucstioa 
was  170  miles  as  located,  representing  conditions  of  rough  broken 
countrj'  rather  than  easy.  The  work  was  distributed  among 
four  parlies  and  was  <ionc  in  1902.  The  average  cost  of  prtUmi- 
nar\-  surveys  of  a  total  of  563  miles  was  $2.5.98  and  of  locating  179 
miles  was  $70.38  per  mile.  The  total  cost  of  reconn&ias&noe, 
preliminary  liuef?  and  extra  office  work  was  $192.30  per  mile, 
on  the  179-mile  basis. 

The  cost  of  locating  the  Chicago,  Milwaukee  and  St.  Paul 
Ry.  in  the  woods  of  Wisconsin  was  $142.80  per  mile. 

Table  LXt  gives  the  cost  of  surveys  of  a  number  of  railroads 
in  West  Virginia  and  includes  the  total  charge  against  engineer- 
ing from  the  inception  of  the  project  to  the  beginning  of  con- 
struction, a  portion  of  which  covered  the  cost  of  instrtuncnta. 

Table  L\TO 
oost  of  preliminary  railroad  sltive^'s 


lum. 


No.X 


Pwty. 
No.  2. 


Party 

Na  &. 


Pnrty 
No   4 


Days  worked 

MileM  run  with  topography  tAken. .    - 
Miles  run  without  topography  taken. 

Total  miles  prelimiaaiy  run 

Avcra^  djiily  number  of  mwi 

Average  milw  per  day  per  party 

Average  daily  txMl  sabioatAnct*  per  man 
Avera^  daily  pay  per  man 

Daily  cost  jkt  toem 

Contingencies 

Daiiy  root  per  man,  total 

CoBl  per  mile 

Character  of  country 


B7 
145  8 

39.3 
185.1 

16 

2.12 
»0  37 
1  81 
6.00 

88  48 
2.63 

10  61 

heavy 


90 
166  3 

16(5.3 

16 

I.S5 

$0.49 

2.03 

6.Z> 

112.96 

3  ai 

24.07 
light 


111 

164.1 
16.0 

180  1 
18 

1  62 
SO  38 

1.66 

6.92 
91  84 

2.49 

28.08 

average 


30 

23  2 

3  6 
26.8 
21 

1.06 
$0.58 

I  66 

12  87 

125  73 

3  05 

eo.g.'i 

average 


•  "  Roilruud  Loculiuu  .Survi.'ys  mid  tJ'timatw,"  F-  Luviit,  p.  199. 

t  lUUroaU  aurve>-8,  W.  S.  McFetridge.  Trans.  Am.  Soc.  C.  E.,  Vol.  65. 


Daya  worknd 

Average  daily  numV«r  of  men 

Awiufp;  miL'N  iior  day 

Average  daily  pay  per  man . 
AveragE!  tliily  cast  per  man . 

ConUitgencie^ 

Coat  per  mile 


Table  LX 

CaST  OF  RAILROAD  SURVEYS 


Coaipkay. 


Amouiit 
Sfwnl. 


MiLH  or  BnBrETa. 


Prrijmi- 
niuT. 


LooKiioD.      TouL 


Avwkgs 

Com  per 
Mik. 


AvcraoB 
Coal  par 

Mile  of 

Localioii. 


0) 
•L.  K.  R.  R..... 

Z.  M.  AP 

B.&E  R.  R.. 
P-  B.  &  T.  R.  R. 
B.  &  N.  R.  R. , , 


(2) 

$26,076.83 

19,812.77 

20,466  68 

6.651  98 

19,249  94 


(3) 
428.19 
509. (» 
241.76 

84.66 
162.61 


(4) 
193.85 
105.23 
113.70 
38  17 
151  29 


.  (5) 
622.04 
614.20 
355  45 
122  73 
313.80 


(6) 
$40.31 
32.25 
57,58 
54  20 
61.34 


101,258.20 


1,426  04 


002.24 


2,028  28 


(7) 
1129.36 
188.28 
180  00 
174.28 
127-23 


ft5  00  $151.63 
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Organization  of  Engineering  Force.  Aft«r  the  location 
survey  ha-s  been  completed,  a  large  amount  of  surveying  and 
other  eugiuecring  work  must  be  done  in  conucction  n-ith  the  coa- 
struction.  The  work  «f  the  locating  engineer,  as  such,  is,  of  courae, 
completed,  but  he  is  usually  retained  in  some  capacity  during 
eonstrucLion,  frequently  as  ehief  engineer.  The  most  common 
organization  for  constructing  a  new  line  is  to  place  the  entire 
work  in  charge  of  a  chief  engineer,  with  division  or  district  engi- 
neers and  aasistsuits,  and  Ui  divide  the  entire  length  of  line  into 
residencies,  usually  4  to  10  miles  long,  each  of  which  is  placed  in 
charge  of  a  resident  engineer,  who  reports  to  a  division  engineer 
or  to  an  assistant  engineer.  A  resMent  engineer  should  have 
the  training  requisite  for  a  good  transitman,  and  in  fact  the 
office  is  most  commonly  Kllcd  by  one  who  has  served  as  tran^t^ 
man.  He  is  usually  assignetl  two  juwistants  and  is  given  a  tran- 
sit, level,  and  accessory  equipment.  His  duties  are  to  do  all 
instrument  work  requii'cil  along  the  line,  such  as  setting  slope, 
gra<le  and  line  stakt's,  to  inspeil  all  eonstnirlion  on  his  residency, 
and  to  represent  in  general  the  chief  engineer  in  liis  relation  to 
the  contractors,  to  whom  the  actual  work  of  gradinfTf  driving 
piles,  etc.,  is  usually  lot.  Sometimes  the  entire  job  on  a  long 
stretch  of  line  is  Int  to  one  large  contractor  who  suhletii  portions 
of  it  to  smaller  contractors  who  may  Uve  along  the  line,  or  he 
may  undertake  to  do  all  of  the  work  with  his  ow^n  forces.  In 
any  case,  the  resident  enginet^r  is  the  rfprrsentative  of  the  engineer- 
ing department  of  the  railroad  to  whom  the  contractor  and  his 
foremen  look  for  instructions.  The  resident  engineer  must  see 
to  it  that  all  work  is  done  according  to  the  specificAtions,  and 
must  submit  monthly  estimates  of  work  done  to  ser\'e  as  a  basis 
for  the  monthly  payment  to  the  contractor.  The  resident 
engineer  should  study  the  spec ifi cations  ililigently  in  order  that 
he  may  know  their  significance,  intent  and  true  meaning  in  every 
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detail  and  thereby  be  able  to  answer  authoritatively  any  ques- 
tion that  the  contractor  may  raise  coneerning  the  same. 

The  complete  equipment  that  should   lie  furnished  to  the 
resident  engineer  is  as  follows: 


One  transit 

Two  rango  polee 

Transit  note  book 

One  level 

One  level  rtxl 

Level  note  book 

One  lOO-ft.  steel  tape 

One  50-ft.  metallic  tape 

One  as 

Marking  crayons  (1  doz.) 

Quantity  of  tacks 


Quantity  of  drafting  pencils 

Feiicilj  ink  and  clciiiiii[ig  cmsers 

Penholders  nnd  pens 

Colored  pencils 

Scratch  pads 

Stationery 

Drafting  ink,  black,  red  and  perhaps 

some  other  colors 
Quantity  of  rubber  bands 
Small  roU  detail  paper 
Small  roll  profile  pupcr 
Small  roll  rross-soetion  paper 
Small  roll  tradiig  duth 


Setting  Slope  Stakes.  Slope  atakcs  are  light  stakes,  usually 
about  1  in.  by  2  ins.  by  1  ft.  long,  that  are  driven  at  the  toe  of 
slopes  of  embankments  and  at  tlie  top  of  sloped  in  excavations, 
to  dircet  the  eontractor  in  making  the  excavations  and  embank- 
ments. On  tlie  back  of  the  stake,  i.e.,  away  from  the  center 
•  line,  is  indicated  the  center  height  as  cut  or  fill,  and  on  the  front 
«de,  the  side  height,  using  "  F  "  to  indicate  fill  and  "  C  "  to  m- 
dientc  cut.  Many  engineers  mark  the  center  eut  or  fill  on  the 
back  of  thp  Cfuter  line  stakes  that  are  already  in  place.  As 
Boon  aa  grading  is  beg\m,  however,  these  stakes  are  disturbed, 
henee  the  practice  of  placing  thn  marks  on  the  slope  stakes  is 
believed  to  be  preferable.  The  slope  stake  is  commonly  slanted 
toward  the  center  line  at  the  lop  of  cuts  and  away  from  the  center 
line  at  the  bottom  of  fills,  in  order  to  be  more  nearly  at  right 
^  angles  to  the  surface  that  they  limit. 

■  Where  the  grade  line  passes  from  cut  to  fill  (grade  point), 
~  Fig.  94,  slope  stakes  should  be  set  at  r,  o  and  m,  and  cros-s-scctiona 
Dfpr  and  mxn  taken,  in  order  that  the  pyramidal  solids  of  which 
thM>e  sections  are  the  bases  may  be  computed. 
B  The  process  of  setting  slope  slakes  is  very  simple  in  practice 
"but  rather  difficult  to  make  clear  in  a  brief  description.  The 
rurreet  position  of  the  slake  is  found  by  a  series  of  approxima- 
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tions,  which  may  be  best  illustrated  by  an  example.  AKswrac 
a  24-ft.  roadbinl  with  sidfi  sloiwa  of  IJ  to  1.  With  a  center  height 
of  6.4  ft.,  if  the  ground  wpre  level  transversely,  the  slope  stake 
would  be  set  out  12+1.5X6.4-21.6  from  the  center  Une  If, 
however,  tlit?  ground  appears  to  rise  from  the  center  line  out- 
ward, the  instrumentman  estimates  the  amount  of  rise  somewhat 
farther  out  than  21.6  ft.  Suppose  he  estimates  the  ground  to 
be  1.5  ft.  hiKhcr  tlian  al  thu  center,  then  the  stake  should  be 
set,   according  to  aubumpliuu,   12-|-X.5(6.4-|-1.5)  =  23.9  ft. 


Fia.  M.— RomIw^  at  a  Grade  Point. 


from  the  center  tine.  He  then  directs  the  rodman  to  set  the 
rod  23.9  ft.  from  the  center  line,  and  having  previously  set  up 
his  level  with  a  barksight  on  the  ccntiT  line  station,  he  aac»^ 
tains  the  elevation  of  this  point  with  reference  to  the  center  line 
station.  If  he  finds  thitt  his  estimate  of  1.5  ft.  was  es.spntiaUy 
correct,  hn  direcUt  the  stake  to  be  marked  C7.9  and  driven  at 
this  point.  If,  however,  bis  reading  on  the  rod  indicates  that  tha 
ground  there  is  actually  2.0  ft.  higher,  he  recalfu!aU*s  his  dis- 
tance out,  i2+1.5(0.4+2.0)=24.6  ft.,  and  in  a  similar  maimer 
he  tests  this  distance  by  reading  the  rod  24.6  ft.  out.    A  EdmUai 
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procoflure  would  be  followed  in  the  event  that  he  had  over- 
estimated the  rise,  except  that  the  rod  would  be  b~ought  toward 
the  renter  liiK:  instead  of  away  from  it.  With  a  little  experience, 
an  inatrumentnian  should  not  need  more  than  the  second  trial, 
and  usually  only  the  first,  to  set  the  stake  within  0.1  ft.  of  the  exact 
spot,  and  this  is  close  enouKh.    The  pasitinn  of  the  stake  is 

recorded  in  the  note  book  thus.  7.-;-^,  the  number  over  the  line 
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Fig.  95. — Crofls-aecttoti  Notes. 


indicating  the  distance  of  the  point  above  or  helnw  jifradp  and  the 
figtire  below  the  line  the  distance  from  the  center  to  this  point. 
In  embankment,  the  minus  tiifE;n  is  used  to  indicate  the  elevation. 
TTie  notes  are  kepi  as  shown  in  Fig.  95. 

Where  slips  arc  Ukcly  to  occur,  the  croes-eection  should  be 
extended  beyond  the  slope  stake,  and  where  a  threo-levd  aeo- 
tion  does  not  show  all  breaks  in  the  transverse  slope,  additional 
heights  should  be  read,  as  provided  in  the  coxt  paragraph. 
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Slope  Itoards  arc  frequently  used  in  scttin)?  slope  stakes.  These 
consist  of  a  Iohr  lioard  (about  15  ft.)  with  a  bubble  on  the  upper 
edge  and  witli  graduations  on  the  under  edge.  Special  tapes 
graduated  for  different  slopes  are  sometimes  used  also.  The 
use  of  thtse  is  so  simple  that  extended  nxplanatton  is  ne<>dl(?aR. 

Taking  Cross-sections.  A  cross-section  shows  a  transver 
profile  of  the  ground  surface  for  a  short  distance  on  cither  sit 
of  the  line.  It  is  a  i>ermanent  record  of  the  aurfact-  of  the  ground, 
provided  the  elevation  of  the  center  stake  is  known.  By  taking 
croBs-sections  before  and  after  excavations  or  embankments  arc 
made,  the  utxia  between  the  lines  rGpresenting  (he  surface  of  the 
ground  in  the  two  cases  is  the  amount  of  earth  removed  or  placed, 
as  the  case  may  be. 

A  eroBs-sertioii  is  taken  by  referring  the  elevation  at  every 
break  in  grade  to  the  elevation  at  the  center  stake,  which  is 
definitely  known  from  the  profile.  The  process  is  about  as 
follows,  with  three  men  in  the  t;rfis8-.sertinning  party.  Tlie  rod- 
man  gives  the  levelman  a  reading  on  the  ground  at  the  cent 
stake,  and  then  carrying  the  end  of  the  tape  and  the  rod, 
gives  readings  at  every  break  in  transverse  slope,  while  the 
third  man,  standing  at  the  tenter  with  the  tape  in  his  haiu 
keeps  the  rodmaii  at  right  angles  to  the  line  as  the  latter  uiovt 
outward,  and  also  reads  the  distance  out  to  the  rod  at  the  poin< 
where  readings  arc  taken.  The  notes  arc  recorded  in  a  mam 
similar  to  that  described  above  in  connection  with  setting  slof 
stakes,  (+)  representing  a  point  above  the  center  eJevation  &n^ 

(  — )  a  point  below.     Thus,  ■-■-'—  represents  a  point  G.2  ft.  lx?low 

the  grade  at  the  center  anil  21.0  ft.  from  the  center.  The  nota- 
tion is  made  on  the  right  or  left  of  the  center  line  of  \he  pag« 
according  as  the  point  is  on  the  right  or  left  of  the  survey 
center  line.  Theat;  notes  for  earthwork  on  a  projected  Une  ai 
naturally  taken  in  connection  with  the  setting  of  the  slope  stak« 
the  recorded  position  of  the  latter  forming  a  part  of  the  ci 

:tion.     Tii<!    method    of    calculating    the    earthwork    volumea 
From  such  notes  will  l>e  discussed  in  the  next  paragraph. 

Special  cross-section  rods  are  on  the  market  having  an  end- 
less band  frmn  the  lK>ttom  to  the  top  of  the  rod  which  can  be 
shifted  and  clamped  in  any  position.  When  the  levelman 
the  rod  at  the  center  stake,  the  rodman  shifts  the  band  canyii 
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khe  graduations  until  the  Icvelinan  reads  zero;   then  the  reading 
iBt  any  other  point  will  represent  the  distance  of  that  point 
above  or  below  the  center  elevation. 

Sometimes  on  extensive  cxwivatlons  with  very  deep  cut«, 
cross-sections  can  best  be  taken  by  reading  the  vertical  angle 
witli  u  trau:^it  and  mcasuiing  the  »lope  distance,  the  tops  uf 
slope**  Iwing  very  easily  located  in  this  manner. 

Earthwork  Calculations.  From  the  cross-section  notes  as 
described  in  the  preceding  paragraphs,  the  amount  of  earthwork 


(a) 


(6> 


Id) 


Fio.  96. — Earthwork  Craeft-sectioiis. 


in  excavation  or  in  embankment  can  be  readily  computed.  There 
are  two  stept^  involved,  viz.: 

a.  Calculating  the  area  of  the  cross-sortion. 

fr.  Calculating  the  solidity  from  the  cross-section  areas. 

The  area  of  the  crotw-wection  can  always  be  divided  into 
triangles,  traix^zoids,  etc.,  which  will  iieriuit  the  area  of  the 
section  to  I>e  computed.  Five  types  of  cross-sections  may  be 
mentioned: 

1.  A  Level  Section  is  shown  in  Fig.  9G  (a)  and  its  area  is  readily 
to  be  c(b-f  «c). 

2.  A  ttCQ-kvel  section  is  shown  in  Fig.  9ti  (6)  and  its  area  may 


I 

m  Divn' 

u 


I 


be  shown  to  be  (n'^'^')^'^  \2'^*^')!l^ 


3.  A  three-ievel  section,  as  shown  in  Fig.  96  (c),  has  an  area  equal 

to  Ti 1 S • 


453 


CONSTRUCTION  81IKVEY8 


4.  The  area  of'  a  five-level  section,  Fig.  96  {d)  may  be  deter- 

mined  as  2"+"2""*""2~* 

5.  Irregular  sections  must  be  divided  into  triangles  and 
trapezoids  uf  wbich  the  areas  can  be  computed  separately  and 
totaled,  Fig.  96  (e). 

r  =  center  height  in  feet; 
d(  =  distance  out  on  the  right; 
d,  =  distance  out  on  the  left; 

s  =  8ido  slope; 

6  =  width  of  base; 
A'  and  /r"  =  additional  side  heights. 

In  calculating  the  volume  from  the  areas  of  the  cross-aections, 
two  mcthoclH  are  in  use,  the  first  bcliig  approximate  and  the 
second  theoretically  exact.  The  first  consist*  in  averaging  the 
end  areas  and  multiplying  by  the  length  between  sections,  and 
the  second  of  calculating  a  niid-scction  and  using  the  prismoidal 

formula,   which  ia  Q  =  ^(Ai+AAm-i-Ai)*  Q  being  the  quantity 

of  earthwork,   I  the  dintance  between  sectinns,  A}  and  A2  the 
areas  of  the  end  sections,  and  Am  the  ai^ea  of  the  mid-section. 

*  For  any  prainoid,  the  end  iiroa  may  be  ooiutidered  as  the  product  of 
two  liaea.  Let  bi  and  ^1  bo  thoao  lines  Tor  one  end  and  &|  and  dt  Uie  corre- 
Rponding  tines  Tor  the  other  end.  The  area  nf  n  section  x  djstaoce  ln»n  the 
one  end  will  be 


aad  the  volume  of  the  prifinioid 
V"  I    |6,+(fr,-W7lL+(d, 


'')+{rfi 


-"■fl- 


Mi+C6irfi+Wi+Wt+6i*)+6; 


The  area  oT  the  mid-MCtion 


bi+ih    rf.+rfi    btdj    frjA    Wi 
•     2     ^     2      "   4   "^   4   "^  4 


EARTHWORK  CALCUIATrONS 


m^ 


This  formula  gives  raoro  nearly  accurate  result*  than  does 
avcrapiuK  end  arcjut,  hut  it  is  seldom  used  for  the  cahmlation  of 
€!arthwork  owing  to  the  additional  complexity  and  also  to  the 
fact  that  field  measurements  are  not  taken  with  great  refinement, 
hence  the  computations  need  not  be  done  with  special  pre- 
cision. SonicLmiPH  the  inrreased  accuracy  of  this  fonnula  is 
obtained  by  applying  a  pristnoidal  corredion  to  the  results  ob- 
tain<'<]  l>y  averaginj?  end  areas.  For  a  moiv  complete  exposition 
of  this  method  the  reader  is  referred  to  a  field  manual,  such  as 
Allen's  "  l^ilroad  Curves  and  Earthwork/'  p.  154  ff. 

Where  earthwork  is  cnlculatcd  by  averaging  the  end  areas, 
diagrams  aiul  tables  are  frequently  used  to  usKi^t  in  the  com- 
putations. For  the  typical  cross-sections,  the  following  formulas 
ftpply»  giving  the  ttjlal  soliilily  for  a  100-ft.  station  with  the  crosa- 
WCtion  indicated  by  the  dimeusiuns: 


Level  sectioD: 


Q  =  ~{b-hsc)2c; 


Two-level  section:    <2  =  ^f  Q+'^)'>i+Q+rf*)'^]; 

Three-level  section •Q  =  -^ I      2     ^'*"2\"V^j  I ' 

100 
Five-level  section:    0=* -ir[bc+h',d,-^h'4t\i 

100 
Triangular  prism :    Q'^-^XBXH; 

100  H 

Pyramidal  section:  Q=  yjXBX^. 

Tlie  diagram  in  Fig.  97  is  a  nomographic  chart  that  enables 

100 

the  product  of  two  numbers  multiplied  by   — —  to  be  readily 

54 

obtained  by  laying  a  straightedge  joining  the  two  numl>ers  on 
the  two  outside  scales  and  reading  the  desired  product  on  the 
middle  scale.  It  will  be  observed  that  the  above  formulas  con- 
sist of  such  a  product  or  a  sum  of  two  or  more  such  products, 
hence,  by  successively  finding  those  products  and  adding  the 
results,  the  total  solidity  for  ItK)  ft.  can  rea<iily  lie  found. 

For  example,  with  a  level  section  having  a  20-ft.  base,  fi\ 
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Fio.  97. — Graphical  Calculatioa  of  Earthwork  Quantitiea, 
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I 
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to  1  slopes,  and  a  3^t.  center  height,  the  solidity  is  read  from 
the  center  scale  as  256  cu.yds. 

The  ready  application  of  the  diagram  to  the  other  cases  is 
obvious.  For  a  IrnRth  less  than  100  ft.,  the  quantity  is  fotmd 
by  multiplying  by  the  distance  used  as  a  percentage.  Many 
other  diagrams  and  devices  have  been  invented  to  aid  ia  the 
calculation  of  earthwork  quarititic»,  and  earthwork  tables  arc 
available  in  most  railroad  field  books,  hence  further  discussion 
is  unnccessaiy  at  this  time. 

In  constructing  an  embankment,  earthwork  is  frequently 
taken  from  borrow  pils  along  the  right  of  way,  but  the  amount 
of  such  borrow  can  Ix;  readily  calculated  by  methods  alrciidy 
explained.  Inasmur!i  as  earthwork  should  Iw  paid  for  but  once, 
it  is  customary  to  pay  for  the  yardage  of  the  excavations  and 
born)w  pits  without  making  any  effort  to  calculate  the  cubature 
of  the  embankments  and  sjioil  dumps  where  material  has  been 
vasted  along  the  right  of  way. 

Earthwork  expands  somewhat  when  firet  loosened,  but  when 
put  in  embankjnent  and  compacted  by  paa.sage  of  teams  over 
the  embankment,  it  actually  shnnks  to  less  volume  than  when 
in  its  natural  btnl.  Clay  and  loam  will  shrink  al>out  10  to  15 
per  cent  while  gravel  and  sand  will  shrink  only  about  5  or  6  per 
cent,  and  other  soils  are  intermediate  between  these  extremes. 
On  the  other  hand,  solid  rock  blasted  from  its  bi^d  and  broken 
up  will  expand  about  40  to  50  per  cent,  depending  upon  the 
degree  to  which  it  is  broken  up.  The  iVraerican  Uoilway  Engineer- 
ing Association  adopted  the  following  rule  as  the  proper  allow- 
ance for  shrinkage: 

For  green  embankment.**,  shrinkage  allowanw  should  be  made 
for  both  height  and  width  according  to  the  following  rates  of 
decrease  in  volume: 

1.  For  black  dirt,  trestle  filling,  15  per  cent. 

2.  For  black  dirt,  raising  under  traffic,  lU  per  cent. 

3.  For  clay,  trestle  filling,  10  p*:r  cent. 

4.  For  clay,  raising  under  traffic,  5  per  cent. 

5.  For  sand,  trestle  filling,  6  per  cent. 

6.  For  sand,  rai.'ting  under  traflic,  5  per  cent. 

To  allow  for  shrinkage,  the  top  width  and  the  height  should 
be  increased  by  such  amounts  that  the  volume  will  be  increased 
by  the  above  percentages. 
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Haul.  As  stated  in  a  previous  parafO'dph,  the  profile  ahould 
be  HO  chosen  that  the  exfavatctl  material  will  just  equal  the 
embankment.  This  is  accomplished  by  making  the  cuts  and 
fills  balance  on  the  pro&le  approximately.  As  a  matter  of  fact, 
owing  to  the  slirinkage  of  tlie  earthwork  and  due  to  the  fact  that 
drainage  requires  a  slight  embankment  for  the  track  all  the  way, 
the  profile  should  be  adjusted  so  that  the  cuts  would  more  than 
equal  tlie  fills.  ThLs  prow?<iurc  necessitates  hauling  the  exca- 
vated material  considerable  distances  at  times,  and  some  dis- 
tance, of  course,  at  all  times.  Moviiij?  the  earth  from  the  place 
where  it  is  excavated  to  the  place  where  it  is  to  be  deposited  is 
called  haul,  and  it  is  measured  by  the  amount  of  earth  moved 
multiplied  by  the  distance  moved.  This  prtMluet  represents 
the  work  done  in  moving  the  earth  since  it  represents  the  prod- 
uct of  the  force  required  to  move  the  earth  and  the  distance 
throuKh  which  tliis  fore*  act**.  The  unit  of  haul  is  I  cu.yd. 
hauled  100  ft.,  and  is  sometimes  termed  a  ynrd-stati&n,  being 
a  compound  unit  as  is  the  unit  of  work,  the  Foot-pound.  The 
distance  hauled  is  sometimes  spoken  of  as  the  haul,  but  in 
the  present  discussion  the  term  haul  will  be  used  as  above 
defined. 

The  point  where  ihn  subgrade  pa-sses  from  cut  to  fill  is  called 
a  grade  poinit  and  all  excavated  material  must  be  transported 
from  the  cut  to  this  point  and  from  this  point  to  the  place  of 
deposit  in  the  fill.  The  product  of  an  increment  of  earth  and 
the  distance  to  the  grade  point  represents  the  moment  of  that 
unit  about  this  |Xiint  as  well  as  the  haul,  hence  the  total  haul 
is  the  amount  of  earth  in  excavation  multiplied  by  the  distance 
between  the  center  of  gravity  of  the  mass  in  excavation  and  the 
center  of  gnu-nty  of  the  mass  in  the  embankment  that  it  forma. 
Usually,  if  the  distance  hauled  is  le.ss  than  a  (^e^tain  specified 
amount,  no  extra  charge  above  that  for  simple  excavation  is 
made  for  the  hauling.  T\us  distance  is  termed  the  length  of 
free  haul,  and  varies  with  circumstances,  being  usually  about 
500  to  1000  ft.  The  former  figure  obtains  generally  in  the 
western  part  of  the  country  while  the  latter  is  used  in  the  eastern; 
the  former  has  Iwen  adopted  by  the  American  Railway  Engineer- 
ing Association  as  the  proper  limit  of  free  haul.  The  amount 
of  haul  (in  yard-stations)  above  the  free  haul  (in  yard-stations) 
is  paid  for  in  addition  to  the  charge  for  excavation,  the  unit 
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price  being  ussually  1.0  to  2.0  cents  per  yard-station.  This 
extra  haul  is  called  overhaul. 

Problemg  pertaining  to  haul  can  liest  be  solved  graphically 
by  means  of  the  mass  diagram,  or  Bruckner's  curve,  which  will 
now  be  briefly  explained.  It  may  be  said,  in  passing,  that  this 
cun'e  involve.'^  a  principir  of  very  wido  uiid  ugeful  appircation  in 
engineering,  n.side  from  ej»rthwork  calculations. 

After  the  solidity  or  quantity  for  each  section  has  been  cal- 
culated, each  is  adjiistiHl  for  alirinkuge,  and  then  the  algebraic 
summation  of  quantities  for  all  preceding  sections  is  written 
opposite  each  section.  Sec  Table  XLi.  These  summations 
are  then  plotted  as  ordinates  above  the  corresponding  stations 
flfl  abscissa  and  the  points  joined  by  a  continuous  line.  See 
Fig.'  98.  The  resulting  curve  is  called  the  mass  diagram,  or 
Bnickner's  curve,  from  the  name  of  the  Bavarian  engineer  who 
invented  it.  Lalannc,  a  French  engineer,  and  various  others 
have  devised  cur\'cs  for  accomplishing  the  same  purpose,  but 
Bruckner's  curve  wwnis  to  be  llie  most  satisfactorily  and  the 
most  universally  used.  A  study  of  the  curve  reveals  the  follow- 
ing proijertitis:  < 

1.  TTie  slope  of  the  curve  is  positive  in  excavation  and  nega- 
live  in  embankment,  the  curve  being  concave  upward  if  the 
solidities  are  becoming  larger  at  each  station,  a  straight  tine 
if  constant,  and  concave  downward  if  diminishing  at  each  succeed- 
ing station. 

2.  The  maximum  and  minimum  points  on  the  mass  diagram 
indicate  grade  points  on  the  pro61e.  Since  the  section  solidity 
is  a  function  of  the  center  height,  the  mass  diagram  corresponds 
in  a  sense  to  the  first  integral  of  tlie  profile. 

3.  Excavation  equals  embankment  between  the  points 
where  a  hori7X)ntjd  line  cuts  the  curve. 

4.  "  Hill  "  portions  of  the  diagram,  or  the  areas  above  such 
a  horizontal  line,  imlicate  haul  forward,  and  "valley"  portions, 
or  areas  Iwneath  such  a  linr,  indicate  huul  backward,  in  order 
that  cut«  and  fills  may  balance  between  these  points. 

5.  The  area  under  the  mass  diagram  represents  the  haul  in 
yard-atations  if  the  c<!n(er  of  gravity  of  each  section  ia  assumed 
at  the  center. 

In  Fig.  98,  the  area  between  the  zero  axis  and  the  moss 
curve  repre-watA  the  total  haul.     If  the  line  OK  represents  the 
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Table  LXI 
CALCULATIONS  FOR  MASS  DIAGRAM 


Center 
Height. 

Quantity  in 

ShrinJtftge 

Quantity 

Summation 

SUtioD. 

Section, 

Factor, 

Correot«d  for 

of  Qoantitiea, 
Cu.Ydi. 

Cu.Yda. 

Per  Cent. 

Shrinkage. 

0 

0 

0 

0 

0 

1 

+   2.0 

+205 

-10 

+  184 

+  184 

2 

+  4.2 

+436  ■ 

-10 

+392 

+576 

3 

+  2.1 

+216 

-10 

+194 

+770 

3+30 

0.0 

+  43 

-10 

+  30 

+809 

4 

-  4.8 

-467 

-467 

+342 

6 

-  6.2 

-602 

-602 

-260 

6 

-  5.7 

-521 

-621 

-781 

7 

~  2.1 

-200 

-200 

-981 

7+40 

0.0 

-  66 

-  66 

-1047 

8 

+  2.2 

+245 

-10 

+220 

-827 

9 

+  6.1 

+642 

-10 

+578 

-249 

10 

+  3.7 

+384 

-10 

+346 

+  97 

11 

+  4.1 

+448 

-10 

+403 

+500 

11+50 

0.0 

+  96 

-10 

+  86 

+586 

12 

-  2.4 

-217 

-217 

+369 

13 

-  3.2 

-285 

-285 

+  84 

14 

-  8.3 

-642 

-642 

-668 

15 

-  1.2 

-113 

-113 

-671 

15+20 
16     • 

0.0 

-  46 

-  46 

-717 

+  5.7 

+593 

-10 

+534 

-183 

17 

+  10.5 

+  1120 

-10 

+  1008 

+826 

18 

0.0 

+522 

-10 

+470 

+1296 

19 

—  3.2 

-306 

-306 

+989 

20 

0.0 

-107 

-107 

+882 

21 

+  3.6 

+387 

+60 

+580 

+1462 

22 

0.0 

+  85 

+60 

+127 

+1589 

23 

-  2.0 

-164 

-164 

+1426 

24 

-11.4 

-963 

-963 

+462 

25 

-  6.2 
0.0 

-512 
-201 

-512 
-201 

—  50 

25+60 

-261 

26 

+  1.8 

+206 

-10 

+  185 

-  66 

27 

+  5.0 

+528 

-10 

+475 

+409 

28 

+  3.0 

+388 

-10 

+350 

+759 

29 

+  1.8 

+212 

-10 

+  191 

+950 

30 

0.0 

+  87 

-10 

+  78 

+1028 

free  haul  distance,  then  the  area  FGHJKM  represents  free  haul 
for  this  portion  and  the  areas  EFG  and  MLK  represent  over- 
haul, the  former  area  being  the  haul  involved  in  collecting  the 
material  at  the  excavation  end  of  the  free-haul  distance  and  the 
latter  area  being  the  haul  involved  in  distributing  it  in  the  fill 
after  being  hauled  the  distance  GK  (free).    For  this  case,  these 
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areae  indicate  1150  yard-stations  overhaul,  which,  at  2  cents 
per  j-ard-station,  would  amount  to  $23  ay  the  pa>'Tncnt  for  over- 
haul. The  area  FGKM  represents  the  haul  involved  in  parrying 
this  material  the  lenRth  of  the  free  haul,  and  the  area  GHJK 
reprefient«  the  haul  involved  in  handling  material  entirely  within 
the  limit  of  free  haul. 

Some  engineers  have  contended  that  under  a  contract  allow- 
iiig  for  overhaul,  all  earthwork  handled  should  i>e  hauled  free 
the  specified  limit  of  free  haul,  and  hence,  if  tJie  total  haul  divided 
by  the  yardage  in  excavation  is  not  greater  than  the  specified 
limit  of  free  haul,  no  overhaul  should  be  allowed.  This  is  mam- 
festly  unfair,  unless  the  construction  of  the  contract  is  thor- 
oughly understood  by  both  parties  at  the  time  of  the  letting. 

Fig.  9Q  shows  on  a  small  Hcale  some  of  the  uses  of  the  diagram 
in  determining  the  et'ononiic  handling  of  haul,  borrow  and  waste. 
The  length  of  econ<»nkal  haul  is  the  limit  beyond  which  hauling 
regularly  excavated  material  iMj^comes  more  expensive  than  to 
waste  and  Iwrrow.  This  distance  is  obviously  found  by  dividing 
the  actual  cost  per  yard  for  excavating  the  material  by  the  actual 
cost  of  hauling  [x-r  yanl-station  and  adding  the  distances  that 
wasted  and  Ixjrrowed  material  must  be  transported.  Thus,  if 
the  actual  cost  (not  contract  price)  of  excavation  is  15  cents  per 
cubic  yard  and  the  actual  cost  of  hauling  is  \  cents  per  yard- 
station,  the  wa^^te  material  liuving  to  \hl  hault^  300  ft.  to  a  spoil 
fiank  and  borrow,  200  ft.  from  the  borrow  pits,  then  the  linut  of 
economical  haul  i^'(  15-5- 5) +300 -1-200  =  2500  ft. 

Where  the  limit  of  free  haul  (J)  is  agreed  upon  as  well  aa 
the  price  for  excavation,  (c)  cents  per  cubic  yanl,  and  the  price 
of  overhaul  (c')  cents  per  yard-station,  it  may  be  well  to  fix 

the  limit  of  maximum  haul  a(^  -p^j  in  order  that  the  contractor 

may  not  avoid  the  expense  of  difficult  excavation  and  unjustly 
throw  the  expense  of  such  work  on  the  railroad,  and  thus  profit 
by  what  may  lie  a  Htieral  price  for  overhaul. 

In  a  reversal  of  direction  of  the  mass  curve,  placing  the  hori- 
zontal line  so  that  its  two  segments  are  equal  (LM  =  MN)  obvi- 
ously gives  a  minimum  haul.  The  distance  PQ  represents  the 
limit  of  eoonomie  haul. 

Setting  Track  Stakes,  .\ftcr  all  grading  is  complete,  it 
is  necessary  for  the  line  to  l»e  run  out  on  top  of  the  graded  road- 


center  atalces  are  dh\^eii  with  can>  for  this  pmpoae  aad  a  tack 
is  driren  in  each  stake  exactly  at  the  point  wbi^e  the  centa*  U 
the  track  i«  to  be  pbecd.  This  oeccflsitAtes  nuuiing  all  cnrre* 
again,  but  with  much  Kreater  care  than  when  onlr  the  poeattoa  of 
the  roadway  depended  on  the  accuracy  of  the  wxM'k.  Moce- 
over,  accurate  work  is  possible  in  this  case  because  the  groood 
orer  which  the  party  is  working  is  car^ully  fflnootbed  and  ready 
to  receive  the  track.  The  stakes  for  track  centers  dwuld  be  2 
ins.  square  and  2  ft.  long,  and  should  be  driveo  so  that  aboal 
6  ins.  project  above  the  surface  of  the  ground.  They  should  be 
driven  every  100  ft.  on  tangent  and  every  50  ft.  on  curves. 

It  is  necessary  also  to  set  grade  stakes  in  order  that  the  track* 
men  may  plac«  the  track  exactly  at  grade.  The  subgradc  is 
finished  a  certain  distance  below  the  proposed  base  of  rail  to 
allow  for  ballast,  usually  1  to  1^  ft.  Stakes  2  ins.  square  and 
about  3  ft.  long  arc  driven  along  the  side  of  the  roaillwd  azKl  the 
deabed  elevation  of  the  base  of  rail  is  written  on  the  stake  refer- 
enced to  the  top  of  the  stake.  A  good  method  is  to  drive  the 
stakes  so  that  the  base  of  the  rail  will  be  1  ft.  above  the  top  of 
the  stakes.  With  a  level  board,  the  trackmen  can  readily  adjust 
the  track  to  grade  by  means  of  these  stakes.  ^M 

Center  Line  and  Grade  in  Tunnel  Construction.    Obvioosly^^ 
from  the  nature  of  the  case,  a  tunnel  cannot  be  staked  ahead  of 
construction.     The  method  necessarily  followed  is  to  indicate 
the  center  linn  on  the  face  wall  or  breast  of  the  tunnel,  allow  the 
excavation  to  proceed  a  few  yards  in  that  direction  and  then  ipve 
line  again  on  the  face  wall.     The  pemmncnt  line  stakes  can  beat 
be  driven  in  the  roof  of  the  tunnel  and  nails  with  eyes  driven  into 
these  stakes  so  that  the  plumb  bob  for  the  transit  can  tw  sus- 
pended therefrom  readily.     In  passing  around  a  curve  in  a  tunncI^H 
the  transit  must  be  moved   ahead  frequently  because  of  th^™ 
intercepting  of  the  line  of  sight  by  the  inner  wall,  the  mid-ordioate 
for  the  longest  suRht  l>eing  half  Ihn  width  of  the  timnel.    The 
secret  of  accurate  work  imdcr  these  conditions  is  frequent  check- 
ing of  the  line  from  the  bfffinmnf}. 

Where  it  is  necessary  to  plumb  down  a  shaft  from  a  line  on 
top  of  the  ground  to  establish  a  center  line  at  the  bottom  of  thi 
shaft,  heavy  plumb  bobs  weighing    15  to  25  lbs.  are  used, 
form  commonly  employed  for  this  purpose  consists  of  a  can: 
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iron  rroflfl  about  18  Ins.  long,  with  Arms  6  ins.  long,  and  with  an 
eye  at  tho  top  for  the  attacliment  of  thn  chord  or  wire,  and  a 
point  at  the  bottom.  When  suspended  in  oil,  such  a  plummttt 
will  become  ahiioet  perfectly  quiet  in  a  comparatively  short 
time.  With  two  such  phimmets  dropped  from  the  top  of  a  shaft, 
a  transit  set  at  the  bottom  of  the  shaft  can  readily  U^  placed  on 
the  line  established  by  the  wires. 

Elevations  in  tunnel  construction  are  set  in  a  manner  similar 
to  the  mode  of  procedure  for  line  points.  It  ia  necessary  to  follow 
lh<;  construction  very  closely  lest  the  work  progress  off  line  or 
off  prarle. 

Permanent  Monuments.  As  soon  as  the  track  is  Uid,  per- 
manent monuments  should  be  set  at  all  positions  of  P.  S.,  P.  C,  C, 
and  P.  T-  Iron  pins  1  in.  in  diameter  and  3  ft.  long  arc 
frequently  used  for  this  purpose;  also,  short  pieces  of  old  rail 
3  or  4  ft.  long  are  sometimes  used.  Some  roads  i)liu!C  these 
monuments  at  the  center  of  the  track  while  others  place  them  at 
a  deHnitt  distance  from  the  center  line  where  they  may  more 
easily  be  found  and  where  they  will  be  less  likely  to  be  disturl>ed. 

Ponnanent  Ijonch  marks  should  also  be  established  about 
every  half  mile  and  they  should  l>e  carefully  referenced  and  de- 
scribed. Masonry  piers,  abutments,  culvert  parapet  walls  or 
wings,  door  sills  of  permanent  buildings,  and  other  permanent 
objects  may  be  u.<ied  for  this  purpose.  If  such  are  not  available, 
a  bench  mark  may  be  established  by  digging  a  pof;t-hDlc  about 
3  ft.  deep  and  filling  it  with  concrete,  or  a  large  stone  may  be 
set  in  the  ground.  The  references  should  be  to  mile-posts  and  to 
stations  along  the  line. 

Bridge  Site  Surveys.  The  survey  of  the  site  of  a  proposed 
bridge  should  give  all  neressar>'  infonnation  for  the  proper 
design  of  the  bridge,  both  substructure  and  superstructure.  A 
briilge  may  be  over  (a)  a  stream  or  ravine,  (h)  a  highway,  or  (c) 
another  railway.  The  information  tlrnl  should  lie  securml  in  such 
B  survey  includes  the  following: 

1.  Location,  referred  to  stationing  of  the  railroad. 

2.  Alignment,  degree  and  length  of  curve,  if  on  a  curve. 

3.  Superelevation  of  track, 

4.  Position  of  right-of-way  fences. 

5.  Profile  of  ba.'w  of  rail  over  the  bridge  at  the  proposed  grade 
and  for  about  1000  ft.  on  either  «de  of  the  proposed  structure. 
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6.  Angle  that  the  center  line  of  the  etnicture  makes  with 
the  stream,  highway,  or  other  railway,  and  the  desirable  angle 
of  winR  walls. 

7.  Profile  of  thp  (i^round  alonR  the  center  line  of  the  track 
extending  well  past  the  poaitionfl  of  the  abutments. 

8.  Profile  of  bed  of  stream,  in  caae  of  water-way,  for  some 
distance,  say  100  ft.,  above  and  below  the  site  of  the  bridge. 
All  levelK  and  profiles  ghoultl  lje  referred  to  a  stable  bench  mark, 
which  should  be  ver>'  carefully  and  fully  described  in  the  notca. 

9.  Where  the  bridge  is  over  a  stream,  the  following  additional 
data  should  be  secured: 

fl.  Drainage  area  above  the  bridge  in  order  to  enable  the 
desi|z:ncr  to  estimate  the  proper  water-way.  This  area  should 
be  o)>tained  by  inquiry',  from  mapa,  or  by  actually  walking  around 
the  water-shed  if  wnall.  Various  methods  of  making  rough 
sun'cya  of  drainage  areas  by  means  of  stadia  readings  have 
been  used  advantageously. 

6.  Height  of  high  water  and  date  of  record  height  if  obtainable. 

c.  Low-water  mark. 

d.  Kvidcnccs  of  change  of  channel,  such  as  noting  the  cutting 
and  fiHing  banks  of  the  stream  above  and  below  the  bridge  site. 

«.  A  small  scale  map  of  the  drainage  area  and  the  site, 

10.  In  regard  to  foundations,  the  following  information 
should  lie  obtained: 

a.  Nature  of  the  snil  and  an  ejstimate  of  the  bearing  capacity, 
ft.  Depth  to  soHd  rock  or  shale  if  within  reach. 

c.  Nece^ty  for  use  of  piles. 

d.  Careful  recnrd  of  all  borings,  which  should  be  made  Ul 
sufficient  number  to  indicate  the  nature  of  the  foundations  to 
be  encountered. 

11.  When  the  bridge  is  over  a  highway,  notation  should  be 
made  of  whether  the  undercrossing  is  necessar>',  or  if  it  could 
l>e  shifted  to  another  location  advantageously;  also,  the  width 
of  highway  and  cliara<*t*ir  of  the  road,  drainage  ditches  along 
the  sides,  profile  of  the  highway,  and  notes  on  pavement,  if 
over  a  i-ity  street  or  if  the  highway  is  surfaced. 

12.  Where  the  bridge  is  over  another  railway,  note  should  be 
made  of  the  exact  intersection  of  the  two  center  lines,  a  profile 
arul  alignment  notes  made  of  the  other  road,  clearance  Decesaary, 
and  any  other  information  that  may  be  of  sjKcial  use. 
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Fig.  100  shows  the  siirvey  notes  recommended  by  the  Amer- 
can  Hallway  Engineering  Association. 

The  wat«r-way  for  culverta  may  be  computed  by  means  of 
the  formula  proposed  by  Prof.  A.  N.  Talbot. 

Area  of  water-way  in  square  feet,  a^CA^, 

where  A  ifi  the  area  of  the  water  shetl  in  acres  and  C  a  coefficient 
depending  on  the  character  of  the  drainage  area,  equal  to  0.2 
for  flat  prainc  regions  and  0.8  to  1 .0  for  steep  precipitous  slopes. 
The  proper  value  for  country  of  intermediate  rharacter  must  be 
chosen  according  to  the  judgment  of  the  engineer.  A  rather 
extended  comparison  of  various  formulas  *  for  calculating 
water-ways  indicated  that  the  above  formula  is  the  most  aatis- 
factorj-  for  general  use. 

Staking  Out  Culverts,  Piers  and  Abutments.  A  similarity 
exists  in  the  prociedure  in  staking  out  such  atmctures  as  cul- 
verts, small  beam  and  slab  bridges,  and  piers  and  abutments  for 
Urge  bridges.  Such  structures  are,  or  should  be,  dimensioned 
on  the  plans  to  a  center  line  or  a  face  line  and  to  (he  center  line 
of  track.  When  they  are  so  dimensioned,  it  is  only  necessary 
for  the  engineer  to  set  firm  stakes  with  tacks  in  them  on  the 
center  line  of  track  and  on  the  center  line  or  face  line  of  the 
structure  at  right  angles  to  the  track,  or  at  any  other  angle  that 
may  be  designated  on  the  plans.  The  chief  objective  in  setting 
such  constniction  stakes  should  be  to  establish  two  reference 
lines  on  the  ground  that  will  correspond  to  two  reference  lines 
or  axes  on  the  drawing,  so  that  any  point  or  line  .shunn  on  the 
drawing  can  readily  lie  located  in  projection  on  the  ground.  If 
the  drawing  is  proixrly  dimensioned,  this  is  not  a  difficult  task. 

After  the  structure  is  located  in  plan,  elevations  should  be 
indicated  on  driven  stakes  or  otherwise  for  the  proposed  top  of 
footings,  crown  of  arrh,  bridge  seat,  top  of  back  wall,  etc.,  as 
the  case  may  be.  r.^nally  the  points  of  elevation  for  concrete 
masoiuy  above  the  footings  are  eet  directly  on  the  forms  tilti- 
mately,  benrc,  these  preliminary  points  serve  chiefly  as  a  guide 
in  setting  the  forms.  This  is  particularly  true  for  work  of  ooi>- 
siderablc  magnitude  such  that  the  engineer  may  find  it  advisable 
to  watch  with  some  care.  For  minor  work,  the  {Mints  originally 
set  may  serve  for  the  final  completed  work.  AVberc  triangular, 
*Proc  Am.  Ry.  £ii«.  Am.,  VoL  VL 
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on  the  forms  by  the  lovelman  and  the  molding  checked  by  him 
after  it  is  in  place. 


DRAINAGE 

Drainage.  The  provisions  for  drainage  of  the  roadway  are 
f.so  iniporlant  (hul,  they  should  Ih-  kept  under  the  direct  super- 
, vision  of  the  engineer.  The  most  destructive  agency  to  road- 
[bed  and  track  is  improper  drainage,  which  permits  the  ballast 
to  fill  witli  clay  and  in  the  winter  causes  heaving  of  the  track  due 
to  freezing.  Side  ditches  should  be  carefully  constructed  to  a 
[definite  gradient  by  means  of  the  ejigineer's  level,  and  this  slope 
tshould  be  such  as  to  caus<;  the  water  to  run  rapidly  from  the  road- 
way. Moreover,  the  cross-fiection  of  the  ditches  should  be  deters 
nuned  to  fit  the  conditions  when  an  unusual  amount  of  water  may 
need  to  be  removed,  and  then  the  ditches  should  bo  carefully 

P  built  according  to  the  design.  The  familiar  sight  of  side  ditches 
of  varying  cross-section  and  slope  offers  a  ready  explanation  of 
many  of  the  ills  of  track  maintenance.  Where  tile  and  paved 
^ditches  are  used  for  drainage,  care  should  be  exercised  to  build 
Bthem  carefully  to  grade. 

H       On  high  embankments  and  in  deep  cuts,  provision  should 
™bc  made  to  prevent  the  washing  of  the  slopes.     This  is  usually 

accomplished  by  digging  small  ditches  along  the  slope  parallel 
Kto  the  track  in  order  to  intercept  the  water  as  it  gathers  on  the 
™  surface  and  to  carrj'  it  away  to  the  main  drainage  channels. 

Whenever  a  cut  has  higher  ground  above  the  top  of  the  slope, 

a  ditch  should  be  dug  along  the  top  of  the  slope  to  intercept  the 
^  water  from  above  and  thus  prevent  its  reaching  the  roadway. 
B       Water  Supplies.    Securing  satisfactory   water  supplier  for 

a  railroad  is  a  matter  of  foremost  importance.     Space  does  not 

I  permit  an  extended  discussion  of  the  question,  but  fortunately 
there  arc  available  several  excellent  texts  on  water  supplies 
to  which  the  reader  it>  referred  for  additional  information.  Ob- 
servations should  be  made  on  the  regimen  of  streams  that  are 
likely  to  he  used  for  water  supplies  and  investigations  made  of 
the  character  of  small  lakes.  Frequently  recourse  must  Im?  had 
^  to  wells,  in  which  case  extended  borings  may  be  required.  Such 
K  investigations  should  Iw  made  with  qare  and  all  logs  and  other 
records  of  borings  carefully  preserved.  Where  gravity  flow  of 
water  from  the  soiu^ee  into  the  tanks  or  to  the  water  columns 
can  he  made  available,  a  considerable  saving  is  effected.  Care 
^ould  be  exercised  to  secure  as  soft  water  as  possible,  for  hani 
water  will  require  treatment  (Sec  Chapter  VUI).  The  supply 
ftt  any  point  should  be  Hufficiently  large  so  that  the  necessary 
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pampiDg  can  be  done  in  a  sbort  period  of  time,  six  or  seven  boon, 
to  suffice  for  the  cnlirr  twenty-four  hours*  demand. 

The  following  suggestions  for  water  servioc  inTcstigatioos  are 
abstracted  from  the  Manual  of  the  Amehcao  Railway  Engineer- 
ing Aasodatioa. 

Springs  should  be  carefully  gauged  for  a  period  of  at  least  a 
j-ear,    Wbere  practicable,  a  reservoir  should  be  constructed. 

Lakes,  natural  ponds,  creeks,  and  rivers  r«]uire  special 
investigation.  The  points  to  be  considered  are  quantity,  quality, 
future  pollution,  and  riparian  rights. 

Dug-wcll  construction  should  alwa.vB  be  preceded  by  a  careful 
auger  tegt  to  determine  the  strata  to  be  encountered. 

Surface-pipe  wells  are  satisfactory  where  local  conditions  per- 
mit of  their  use. 

A  chemical  ana1}>aig  should  be  made  of  all  water  and  tha 
possible  cost  of  treatment  investigated. 

Progress  Reports.  The  resident  engineer  will  Ite  required 
to  make  progress  reports  from  time  to  time  to  the  division  engi- 
neer or  to  the  assistant  engineer,  showing  the  status  of  the  work 
on  the  ntaidcncy,  and  the  division  engineer  is  re<iuired,  in  turn, 
to  make  progress  reports  to  the  chief  engineer,  showing  the  state 
of  the  work  on  the  division.  Progress  maps  and  progress  profiles 
are  moat  commonly  used  fur  tliis  purpose,  which  are  prepared 
by  making  blue  prints  from  the  tracings  that  showed  the  pro- 
posed work  and  indicating  in  one  color  the  work  completed, 
another  color  the  work  under  way,  etc.  The  state  of  completion 
of  any  particular  phase  of  the  work  is  commonly  stated  in  puc 
cent;  e.g.,  a  bridge  abutment  may  be  reported  at  6fi  per 
finished. 

Cost  Keeping.  For  numy  reasons,  it  is  very  desirable  to 
keep  an  accurate  and  systematic  record  of  cost  of  construction. 
Such  data  may  serve  to  effect  economy  in  future  work  and  t« 
bring  about  a  consistent  ex])onditure  of  the  funds.  For  inter- 
state railways,  such  records  arc  required  by  the  Interstate  Com- 
merce Commission,  but  these  records  are  for  the  whole  work, 
while  the  costs  that  the  resident  engineer  .should  keep  and  analyse 
arc  for  the  small  jobs  that  come  under  his  supervision.  For  his 
own  professional  advancement  as  well  as  for  the  benefit  of  th^ 
company,  the  resident  engineer  should  be  systematic,  conscien- 
tious and  scientific  in  his  methods  of  keeping  costs. 


MONTHLY  ESTIMATES 

The  keynote  of  this  work  consists  iti  arriving  at  unit  roat, 
and  one  of  the  chief  diffioulties  ia  securing  an  equitable  distribu- 
tion of  general  expenses  to  several  items  or  work.  An  effort 
should  be  made  to  obtain  the  cost  of  the  finished  work  in  terms 
of  the  unit  of  labor  and  unit  of  materials  aa  well  as  in  terms  of 
units  of  money.  Records  of  this  sort  are  of  little  value,  however, 
unless  they  are  complete  and  give  in  detail  the  conditions  under 
which  the  work  was  done.  The  iwrecutaKe  of  the  total  cost  of 
each  item  should  be  detennined  and  explanations  noted  for  any 
abnonnalities. 

Care  should  be  exercised  to  distinguish  between  (he  apparent 
cost  resulting  from  (he  direct  charges  of  materials,  labor,  trans- 
portation, etc.,  that  enter  directly  into  the  cost  of  the  finished 
work  and  the  total  cost  including  all  overhead  charges  which 
have  to  be  distriliuted  t(i  the  work  in  question.  Because  of  the 
fact  that  the  overhead  charges  and  fixed  charges  are  not  so 
apparent,  error  may  result  if  the  cost  of  the  materials,  labor, 
etc.,  be  considered  an  the  total  cost. 

It  is  impossible  to  outline,  even  briefly,  the  subject  of  cost 
keeping  in  this  connection,  but  the  reader  can  readily  find  l>ooks 
on  this  subject  tli.at  will  prove  to  be  of  great  value. 

Monthly  Estimates,     in  order  that  the  contractor  may  be 

[paid  at  intervals  and  not  be  required  to  stand  the  loss  of  having 
his  money  tied  up  in  the  work,  it  is  necessan,'  to  make  gtatement^ 
from  time  to  time  of  the  amount  of  work  finished  by  each  con- 

[  tractor  on  which  to  base  these  partial  payments.  These  state- 
ments are  conunnnly  made  monthly,  and  arc,  therefore,  called 
monthly   etttimaien.     In    taking   cross-si^etions   for   meamjrcment 

fof  earthwork,  or  in  making  measurements  of  other  features  of 
the  work,  extreme  care  is  not  required,  since  the  final  payment 
will  be  the  remainder  of  the  contract  price  after  all  partial  pay- 
ments arc  deducted,  and  the  final  payment  will  I>e  based  on  the 
completed  work.  However,  a  careful  and  complete  record  should 
be  kept  of  the  data  submilted  on  the  monthly  estimates  in  order 
that  DO  misunderstanding  may  arise  at  the  time  of  final  settle- 
ment. The  author  has  always  followwl  the  custom  of  keeping 
copies,  either  by  carbon  sheets  or  by  ink  in  a  lKM>k  used  for  this 

Ispecial  purpose,  of  all  the  quantities  reported  as  a  basis  for  the 
monthly  estimates. 


Economics  of  Temporary  Construction.    liS*herc  rwIroodS  m 

built  lx*ff>r**  lh(!  traffic  al  hand  justifies  their  existence  and  are 
dependent  upon  the  development  of  busineaB,  various  mcfttts  of 
oconomi7.ing  are  followed  in  coostruetion.  among  which  may  be 
menliuneil  the  fallowing  devices: 

Cuts  are  made  narrower  than  good  practice  requires,  thus 
affordinK  ininjffidcnt  space  for  drainage  ditches  at  the  ade  of 
the  roadlxHl.  Thi«  is,  ut  l)eKt,  a  very  quentionable  economy 
when  the  increased  cost  of  maintenance  is  considered,  for  the 
actual  saving  is  small  and  the  increased  coat  of  maintenance  due 
to  itn{>aire<l  drainage  is  great. 

Pile  trestles  are  built  instead  of  masonry  or  steel  bridge^t. 
Perhaps  this  is  the  moat  satisfactory  source  of  economy  of  all 
the  flcviccB  roniinonly  used.  The  initial  cost  of  timber  trestles 
and  of  steel  bridges  as  well  as  their  respective  rates  of  deprecia- 
tion  and  maintenance  are  pretty  well  known  from  their  past  use 
and  the  relative  economy  of  the  two  types  of  structures  can 
very  well  cstiroatcd, 

A  detour,  heavy  grades,  switchback,  or  other  device  is  somi 
times   used    where   a   tunnel    ia   ultimately    intended.     This 
another  Baiii»factor}'  method  of  effecting  an  economy  when  needed 
in  first  construction,  Hince  the  tunnel  can  be  driven  after 
traffic  becomes  heavy  enough  to  pay  for  its  construction. 

Narrow-gauge  railroads,  which  were  once  so  frequently  built, 
are  applicable  economically  only  to  mountainous  districts  with 
very  light  traffic. 

The  construction  of  inferior  track  is  a  very  objectionable 
form  of  allempted  economy.     As  compared  with  the  cost  of 
right  of  wjiy  and  the  construrtioii  of  roadway,  the  cost  of  tra 
is  n-latively  small  and  ft  little  more  or  lesjn  sijent  on  this  ite: 
will  not  greatly  aJTcct  the  total  o.\[)enditurc.     Light  construe-" 
tioQ  usually  lakes  the  form  of  (1)  liglit  ties,  or  standard  i 
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far  apart,  (2)  light  mil,  or  (3)  poor  quality  or  insufiiciGnt  quan- 
tity tif  ballast.  A  railnjaci  Irucik  is  in  reality  a  composite  struc- 
ture and  should  be  consistently  designed  so  that  there  will  not 
be  too  great  demand  on  one  clement  due  to  a  deficiency  in  an- 
other. Light  construction  as  outlined  above  causes  increased 
tractive  resistance  (wliich  may  not  be  extremely  serious  on  a 
light-traffic  railway),  and  it  also  greatly  increases  the  cost  of 
maintenance  both  of  roadway  and  structures  and  of  equipment. 
Light-traffic  railways,  as  before  pointed  out,  should  be  built  with 
a  view  to  minimum  maintenance  costs,  whereas  heavj'-traffic  rail- 
ways alitiuld  lie  designed  to  iienuit  traffic  to  be  transported  most 
economically,  particularly  in  connection  with  the  coat  of  con- 
ducting transportation.  The  stiffness  of  rails  increases  more 
rapidly  than  the  weight,  while  the  cost  varies  directly  with  the 
weight,  hence  the  stiflfness  increases  more  rapidly  than  the  cost. 
Therefore,  the  rigidity  of  the  track  is  diminished  out  of  propor- 
tion to  the  saving  when  light  rails  are  used.  Construction  of 
light  track  is  therefore  an  expedient  of  doubtful  value  in  the  way 
of  promoting  economy. 

Choice  of  Structures.  With  the  data  available  at  the  time 
of  designing  a  new  railroad,  it  la  imposi^ible  to  choose  strictly 
according  to  economic  principles  the  proper  type  of  structure 
to  I)e  iWHfl  in  every  instance,  but  certain  general  limitations  may 
be  cstabUshed  that  may  be  of  value.  In  choosing  between  two 
or  more  possible  types  of  structures,  a  balance  must  be  struck 
so  that  the  total  annual  cost  including  fixed  charges  and  operating 
expenses  wilt  be  a  minimum,  these  two  factors  under  ordinary 
circum.Htancea  var>'ing  inversely  with  each  other.  Fig.  101 
illufltrates  graphii-ally  thiH  condition  of  expenditures,  the  sum 
of  the  two  being  minimum  when  their  slopes  are  equal  but  of 
opposite  sign.  At  this  point  the  calculus  requirement  tlmt  the 
first  derivative  equal  zero  is  Ratiafied. 

Ttie  two  cases  of  choice  of  structures  in  railroad  construction 
that  most  frequently  arise  arc  l>elween  a  trestle  and  an  embank- 
ment, and  between  a  tunnel  and  an  open  cut,  so  far  as  first  cost 
is  concemetl.  Formerly  trestles  were  built  almost  wherever  the 
first,  cost  would  be  less  than  the  first  cost  of  an  embankment. 
Mr.  WelUngton  stated  that  where  the  depth  is  greater  than  10 
or  15  ft.  the  cost  of  a  fill  will  be  greater  than  the  cost  of  a  trestle. 
With  the  improved  facilities  for  handling  earthwork,  and  with 
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the  increased  cost  of  timber,  this  height  has  been  increased.  With 
earthwork  at  16  cents  per  cubic  yard,  and  liraber  at  $28  per  M., 
the  first  cost  of  an  embankment  becomes  equal  to  that  of  a  trestle 
of  five  pile  bents  at  a  height  of  35  ft.  and  to  a  six-pile  bent  trestle 
at  38  ft.,  and  with  steel  at  4  cents  per  pound  in  place,  the  cost 
of  embankment  bcconica  equal  to  that  of  a  steel  trestle  at  al>out 
70  ft.  height.  The  first  coat  ia  not  the  correct  h&sm  of  com- 
parison, however,  but  the  total  annual  cost  should  lie  compared, 
including  the  interest  on  the  first  cost,  the  depreciation  and  the 
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maintenance  cost.  Instead  of  depreciating,  an  embankment 
appreciates  in  value  owing  to  the  solidifying  of  its  coutentti  and 
the  sodding  of  its  slopes.  At  the  present  time,  railroads  are  build- 
ing fills  80  to  120  ft.  high  rather  than  bridges  of  any  sort  on  their 
main  lincA  carrying  heavy  traffic.  For  light  trafhe  sucli  expeiiiuvc 
const nictiiin  would  not  l>e  jnstifiefl.  Fills  100  ft.  deep  are 
commonly  built  across  valleys,  leaving  the  bridge  over  the  stream 
only  large  enough  to  provide  sufficient  water-way  to  carry  the 
floods  from  the  drainage  area  above.  In  some  instances,  masonry 
arches  are  placed  over  the  stream  and  the  fill  continued  across 
the  arches.    Such  construction  as  above  described  ia  difficult  to 
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justify  sometimes  on  strictly  economic  considerations,  although 
when  the  indirect  effects  are  taken  into  account  such  construc- 
tion is  considered,  rocxI  practice.  Extremely  high  embank- 
ments or  other  pennanent  structures  should  not,  of  course,  be 
built  until  all  prohiibilaty  of  future  line  revision  is  eliminated. 
The  fact  that  unforescoa  developments  in  motive  power  may 
radically  change  operating  conditions  suggests  caution  in  the 
way  of  extremely  expensive  construction  of  a  nature  that  would 
not  admit  of  ready  revision. 

In  a  like  manner,  the  choice  between  a  tunnel  and  an  open 
cut  depends  upon  cireuinstancps.  If  the  cut  is  long,  a  tutuiel 
niay  be  undertaken  foi'  a  less  depth  than  where  the  distance  is 
short,  for  when  the  equipment  for  driving  the  tunnel  is  onoe  in 
place,  the  eoEt  per  yard  of  excavation  is  usually  not  more  than 
two  or  three  times  that  of  open  cut,  and  naturally  the  amount 
of  material  to  be  removed  is  very  much  less.  For  long  distances, 
the  economic  limit  of  open  cut  is  usually  about  10  to  50  ft.,  while 
for  piercing  narrow  sharp  ridges  it  is  about  GO  to  75  ft.  On 
the  Chesapeake  and  Ohio  Northern  R.  R.,*  built  in  1915-16,  a 
*'  raaor  wlge  "  hill  was  crossed  with  an  open  cut  90  ft.  deep  and 
300  ft.  long.  On  the  same  road,  one  cut  was  made  that  was 
1200  ft.  long  and  had  a  maximum  depth  of  &5  ft.  A  careful 
analysis  of  the  [Mirticulnr  problem  at  hand  should  indicate  the 
economic  line  of  dcnmrkation  Itelween  open  cut  and  timnel. 

At  the  approach  or  portals  of  a  tunnel,  since  compressors 
aixl  other  equipment  are  already  in.stallcd,  it  is  usually  economical 
to  discontinue  the  open  cut  and  begin  the  tunnel  at  a  depth  of 
30  to  35  ft.  Of  course,  many  factors  enter  into  the  question, 
such  as  the  angle  of  repose  of  the  material,  probability  of  water, 
and  others,  which  render  impossible  exact  rules,  and  the  above 
figures  should  l>e  considered  an  approximate  statements. 

Tlie  employment  of  lunncl  location  should  Ix;  used  with  cau- 
tion on  account  of  increasc-d  operating  expenses  in  many  cases 
and  on  account  of  I  he  high  initial  cost.  Tunnel  location  has  the 
following  objections: 

1.  A  tuiuiel  is  dark,  making  the  engine  crew  less  confident 
and  making  the  conditions  of  passage  unpleasant  for  i>assengerB. 

2.  A  derailment  in  a  tunnel  is  almost  sure  to  result  in  serious 
damage  and  loss. 

*En9.  New*,  Jan.  6,  1916. 
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3.  T^te  heat  m  loog  trmiL^U.  esp^ci&Ik-  those  of  auD  aerdoo, 

i.t  iu'fzXi^^  anrl  veritilation  U  difficfiir.  and  expenare. 

4.  T>ie  rail  U  <i£iially  damp,  cau^me  the  drireis  to  slip  or 
r^jtjinrii^  an  exr^Sr-ivt  u*t  of  sarid. 

h.  Coriditiori^  of  trai-k  maintenance  are  3eld<xn  as  good  as 
'Mt-tidft, 

0.  TirairiafEf:  in  tunneL;  is  almost  always  difficult. 

7.  Hfj';*:']  r*-stri';tion*  are  fn;<|uently  necessari-  through  tunnels. 

H.  (ir&fU:  T'TvUion  throiigh  tunneb  is  difficult  and  expensive. 
\tt-iiif:»i  a  ruling  gra/Je  through  a  tunnel  mar  long  remain  a  limit- 
ing ftatur*:, 

ii.  .Srri'jkr;  erifl  gai»cs  niake  operation  conditions  unsatisfactory. 

10.  T^jf;  impracticability  of  firing  up  in  timnels  causes  a  drop 
in  Kt<;arh  prf;«Hur*;  in  pa-ssage. 

11.  In  tunncU  of  .small  section,  the  use  of  helper  engines  is 
\t\tu\*'.Tf;f\  owing  to  f^&sca  affecting  the  crew  of  the  second  engine. 

12.  Track  work  in  tunnels  is  always  a  source  of  danger  to 
tnu.'kinf:n. 

13.  When;  inailf.Tjuately  lined,  there  is  always  danger  of  caving. 

14.  i'aH.H<;ngers  do  not  choose  a  road  ha^-ing  many  tunnels 
l;(;cauw;  of  the  disagreeable  conditions,  hence  the  passenger 
triiffic  riiay  Ix;  dccrcjised  Ix'cause  of  them. 

.On  the  other  hand,  tunnels  rather  than  deep  cuts  and  exten- 
sive development  offer  some  advantages,  among  which  may  be 
ineiiiioiurd : 

1.  J'Vee<loni  from  snow  drifts. 

2.  Abw;ncc  of  trouble  resulting  from  rock  slides. 
Formation  of  Roadway.    In  discu.ssing  the  construction  of  a 

rnilroud,  certain  terniH  have  Ixjcn  used  in  the  preceding  chapters 
incidentally  which  should  be  defined  in  this  connection  in  order 
that  i\w\T  iiu!aniiig  may  be  clear.  The  American  Railway 
Kngine(!ring  Association  has  adopted  the  following  definitions 
of  ierniH,  some  of  which  have  been  used  rather  loosely  in  engineer- 
ing litcniture. 

Hight  nfvay  is  "  the  land  or  water  rights  necessary  for  the  road- 
bed and  its  acocssoriei?,"  and  is  frequently  used  to  designate  the 
land  actually  occupied  and  owned  by  the  railroad. 

Roadway  is  the  right  of  way  prepared  to  receive  the  track. 
It  refers  particularly  to  the  portion  of  the  right  of  way  between 
tlie  outside  Uuiits  of  excavation  or  embankment  slopes. 
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Tioadbed  is  the  finished  surface  of  the  roadway  upon  which 
the  ballast  and  track  rest. 

Grade  (verb)  mcatis  to  prepare  the  ground  for  the  reception 
of  the  ballast  and  track,  and  other  similar  works  pertaining 
thereto. 

Grade  line  is  the  line  on  the  profile  representing  the  lop  of 
embankments  and  bottoms  of  cuttings  ready  to  receive  the 
ballast. 

ISubgrade  is  the  t«ps  of  embankments  and  the  bottoms  of  cuU 
tings  reatly  to  retieive  the  ballast.    The  lenu  refers  particularly 
to  the  elevation  rather  tlmu  to  the  surface. 
Ballast  is  material  placed  on  the  roadbed  to  hold  the  track. 
Track  consists  of  the  ties,  rails  and  fastenings,  with  all  parts 
in  their  relative  position. 
The  formation   of  the  roadway   involves   (IJ    clearing,    (2) 
grubbing,  and  (3)  pradinK-     Clearing  involves  the  removal  from 
the  right  of  way  of  all  IriH's,  bruHh  and  other  jMTishable  material. 
^    The  material  thtit  cannot  be  used  in  ties  or  otherwise  is  cither 
B  burned  or  removed  to  the  side  of  the  right  of  way.     ('tearing  is 
paid  for  |)er  acre  or  in  unils  of  HX)  fl.  .•square  of  ground  actually 
cleared,  the  cost  being  usually  about  SIO  to  $50  ]>er  acre.    Ciear- 
I       ing  should  l)e  kept  at  least  1000  ft.  ahead  of  the  Kru<ling  in  order 
H  to  allow  room  fur  operations. 

^        Grubbing  is  necessorj'  for  areas  to  Ijc  excavated,  where  ditches 

are  to  be  placed,  and  under  embankments  so  shallow  that  the 

H  stumps  might  interfere  with  the  track.     Cirubbing  is  paid  for 

W  in  units  of  ItX)  ft.  square  or  per  acre  and  usually  costs  about 

$50  to  8100  per  iicie. 
H        Grading  includes  the  formation  of  all  excavations  and  em- 
™  bankmcnts  with  the  netvHsary  transportation  of  material  for  the 
fonnation    of   the   roadl>ed,   ditching,   diversions  of   roads  and 
streams,  foundation  pits,  borrow  pit«,  and  all  similar  works. 

•        Cost  of  Grading.     In  order   to  fix  the  prices   properly  for 
handling  earthwork,   it  is  necessary  to  classify  the  materials 
handletl.     I'siiuIIy  thna^;  classes  are  recognized,  vi».,  solid  rock, 
H  loose  rrK'k,  and  common  excavation. 

^  Solid  rock  comprises  rock  in  solid  l^eils  or  masses  in  its  original 
position  which  requires  blasting  for  practical  removing,  and  all 
detached  fragments  and  Iwulders  containing  I  cu.yd.  or  more. 
I'he  price  of  solid  rock  excavation  varies  from  50  cents  to  $1.50 
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p0r  Omiit  yttOf  dcpcttfin^  npon  toe  tptutaSy  to  he  cxcaTmi^ 
•ad  the  joMtma  at  dnac  tJ»  worfc- 

Loom  rock  innniMd  of  rock,  vbether  ia  rfia  o«tw»l  b«d  or  boc, 
that  can  proprHy  be  iguw*ed  bjr  pick  aad  Aord,  ■hhwigi* 
■IcwD  ibcnrel  and  )a^it  M***ttig  my  be  ntSSiwmA  to  Cfto&ate  tfae 
work.  Tbe  co«t  of  eumrstiag  ktoee  rock  varies  fnm  25  cents  to 
50  txot»  per  cuUc  yard. 

f't/mmf/n  ezeartUimt  indiKira  all  other  materia],  socii  as  earth, 
Mnd,  fcravi-t,  etc.    llie  cost  of  gradizig  io  comrooo  cxcaTatioD 
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doponHs  upon  fhe  conditioriK  nnH  mftbods  of  doing  the  won 
iirui  vnricH  from  15  lo  24  rents  p<-r  cubic  yard  for  railroad  work. 
Fig.  102  shows  thp  ufferl  of  (ho  methods  employed  on  the  cost 
per  cubic  yard,  tlio  curves  being  plotted  from  data  given  in 
tlie  En{}iviiri>uj  Rttord,  Xoveitiber  21,  1014. 

Standard    Roadway.     Tlio    American    Uailway    Engineei 
A.s.sin'iation  has  ad<i|)l<'(l  the  followinjr  dimensions  for  roadwi 
the  width  of  roudhtKl  being  constant  iu  both  cut  and  fill: 


Class  A  roads 
B 
C 


wi<Hh  20  ft. 
16 
14 


Excavations  must  lie  made  wide  enough,  however,  to  providfi 
for  a  drainage  ditch  at  oithtT  side  of  the  roadbed.  The  track  is 
considered  as  rfstiuK  <ni  a  !u\v  rmbankmeut  tlirough  the  cut, 
and  in  order  to  preserve  uniformity  the  subgrade  is  nmintainod 
at  constant  width. 

ClasB  A  inchides  those  districts  having  heavy  traffic,  that 
is,  a  freight  car  mileage  of  more  than  150,000,  or  a  passenger 
car  mileage  of  more  than  10,(KK)  per  mile  of  line  per  year,  and 
with  maximum  speed  of  passinager  trains  of  50  miles  per  hour. 

ClaHs  B  inchideB  all  roads  or  districts  carrying  a  medium 
traffic,  viz.,  a  freight-car  mileage  of  more  than  5t),000  and  a 
paasenger^car  mileage  of  more  than  50()t)  ^>er  mile  per  ye^nr,  with 
maximum  passenger  train  speed  of  40  miles  per  hour. 

Class  C  cottipriscB  those  district's  with  light  traffic,  that  is, 
less  than  Clans  B. 

The  side  slopes  to  be  adopted  depend  upon  the  nature  of  the 
soil  materiu.1  and  the  rlimatic  eomlitionH  where  the  nmd  is  being 
built.  Excavations  in  arid  regions  ivill  stand  at  a  st4w|>er  slope 
than  in  humid  regions.  OMinarily  the  following  slopes  will  be 
found  satisfactory : 

Embankments. 
Earth,  IJ  to  1. 

Loose  rock  and  gravel,  IJ  to  1. 
Rock  from  excavations,  1  to  1,  or  )  to  1. 

Excavations. 

I-krth.  15  to  1. 

l/Msv  rock,  Ito  1,  or  J  to  1. 

Solid  rock,  )  to  1,  or  vertical. 

The  mitural  slope  of  earth  where  erosion  has  been  unhindered 
except  by  vegetation  is  almost  always  (latter  than  IJ  to  I,  but 
embankments  are  built  with  the  expectation  of  lieing  protected 
from  serious  erosion.  Embankments  formed  of  sand  are  com- 
monly covered  on  the  .«ideH  for  a  depth  of  aliout  2  ft.  with  earth. 

Pile  and  Frame  Trestles.  In  new  construction,  recourse  is 
almost  always  hatl  to  pile  trestles  for  carrying  the  track  across 
ravines  where  more  pennanent  construction  would  require  steel 
or  masonry  bridges,  or  an  embankment  and  a  culvert.  Pile 
treaties  have  made  possible  the  building  of  Ammcan  railroads, 
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although  oil  WL'1I-C8tal>li3hctl  roads  they  are  bciiig  replaced  by 
innrp  pornianenl  Htnictiires.  Tiiiil)er  trestles  have  the  following 
merits  for  initial  railroad  construction: 

1.  A  welt-built  trestle  is  a  solid  structure  and  will  last  a 
reasonalile  lon^th  of  time. 

2.  A  trestle  affords  an  opportnnitj*  to  observe  the  flood 
conditions  of  the  stream  crossed  with  a  view  to  determining 
accurately  the  size  of  wat*rr-way  required. 

3.  The  permanent  Ptnicture«,  either  of  masoniy  or  of  steel, 
can  be  built  later  at  a  reduced  cost  owing  to  the  improved  trans- 
portation faellities. 

4.  The  period  of  construction  is  much  shortened,  thereby 
putting  the  line  into  operation  and  decreasing  interest  charges 
during  constmction.  ■ 

5.  The  trestles  can  be  used  directly  to  facilitate  the  con- 
struction of  embankments  which  may  replace  them,  for  the 
trestle  fill  is  an  approved  method  of  embankment  constmction. 

The  cost  of  tre.stleK  naturaHy  varies  with  the  locality,  the 
cost  of  timbers  and  other  materials,  and  the  cost  of  labor.  The 
amount  of  bracing  and  the  length  of  piles  is  determineil  by  tlie 
height  of  the  trestle,  and  ccnaetiuently  the  cost  varies  with 
the  height  of  the  structure.  The  following  fommlas  for  the 
atnoutit  of  materials  in  timber  trestles  were  deduced  from  work 
done  on  the  Northern  Paeiiic  Uy.*  A/  represents  the  thousands 
of  feet  of  timber  in  single-track  trestles  per  foot  of  length,  H 
the  height  in  feet  to  the  bottom  of  the  deck,  and  L  the  length  of 
the  ta'stle  in  feet. 

JW=220+  6//,  for  heights  up  to  25  ft. 
3f -240+  8//,  for  heights  25  to  (K)  ft. 
Jlf  =  240+  9//,  for  heights  50  to  75  ft. 
A/ =  240+ 10//,  for  heights  75  to  125  ft. 


Where  the  trestle  is  low,  H  may  be  taken  as  the  averagi* 
height,  but  where  there  is  considerable  variation  in  the  height, 
it  is  better  to  estimate  the  trestle  in  seetious.  For  framing, 
the  cost  of  labor  will  be  about  50  per  cent  of  the  cost  of  the  tim- 
ber ordinarily.  About  three  man-days  of  labor  should  be  counttil 
on  per  llXK)  ft.  of  luml>er  for  framing  and  erecting  the  Ix-nta. 
•  Giltette's  "  Handbook  of  Coat  Data,"  p.  966. 
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About  70  lbs.  of  wTought  iron  nnd  30  lbs.  of  cast  iron  an?  required 
per  1000  ft.  of  timber  in  a  trestle.  Fig.  103  rivpr  the  material 
in  franned  timber  tre-stlcs  on  the  Chicago,  Milwaukee  and  St. 
Paul  Ry. 

The  following  equations  give  (he  approximate  cost  of  pile 
trestles  where  timber  is  $28  per  M.,  labor  $12  per  M.  feet  of 
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Flo.  103.— <)uaDtilie8  of  Materials  in  Pile  Trestles  on  C,  M.  ft  St.  P.  Ry, 

timber  handled,  iron  4  cents  per  pound  and  piling  35  cents  per 
foot  iu  place: 

Five-pile  bent^,  open  deck,  C  =  25+(7+0.2ff)X,. 

Five-pile  U^nts,  ballast  deck,  C«30+(12+0.25i/)L; 

Six-pile  benta,  open  deck,  C -30-h(8+0.2//)/..- 

Six-pile  bents,  ballast  deck,  C  =  30+(U+0.25//)^ 

C  being  the  total  cost  in  dollars,  //  the  height  In  feet,  and  h  the 
length  in  feet.  Tlie  use  of  ereosotcd  timber  added  10  to  15  per 
cent  to  the  cost. 

The  life  of  pile  and  timber  trestles  depends  upon  climatic 
oooditions  t«  a  considerable  extent.     In  the  arid  and  semi-arid 
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rpgions  they  will  last  probably  25  to  30  years,  while  in  the  morr 
humid  rrgions  ihc-'iv  life  is  much  reduced. 

Masonry  Structures.  The  principal  maaonr>'  structures 
connected  with  railroad  con?lrurlion  are  retaining  walls,  culvert*, 
arch  bridges,  bridge  abutments  and  piers,   although  masonry 
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Fto.  !(M.— Quantities  of  Concrete  in  Reinforced  Concrete  Box  Culverts 
the  C.  M.  A  St.  P.  Ry. 

may  be  used  in  a  numWr  of  minor  accessory  structures,  includl 
tunnel  linings,  buildings,  etc. 

The  in«t  of  retaining  walls  depends  greatly  upon  the  type 
of  conRtruclion.  Stone  ma«)nr>'  of  the  class  generally  used 
commonly  ranges  in  price  from  $6  to  SIO  per  cubic  yard,  plain 
concrete  %\  to  $6,  and  reinforced  concrete  from  ?fi  to  $12.  Of 
course,  a  close  estimate  would  i-equire  a  careful  analysis  of  qua 
titice  required  and  a  study  of  the  unit  prices  applicable. 
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A  culvert  is  a  masonry  bridge  of  short  span  that  provides  a 
water-way  or  other  necessary  opening  through  an  embankment. 
The  tmnptx'erso  length  dnpentis  upon  the  heiglit  of  the  enihank- 
mont  iihovc  the  culvert,  also  upon  the  height  of  the  parapet  wall. 
and  the  grade  of  the  culvert  along  the  center  line  of  the  water- 
way. Tlie  reinforring  of  reinforcei]  coin!reti'.  ciilverU  averages 
about  50  lbs.  of  steel  per  cubic  yard  of  concreto.  Fig.  104  gives 
the  yardage  of  concrete  required  for  box  culverts  and  Fig.  105 
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Fio.  105. — Quantities  of  ConcroU'  and  Slwl  in  Rciiifurcvd  Concrete  Arch 
Culverts  on  lliu  C,  M.  k  St.  P.  Ry. 

gives  the  y.Trdagc  of  concrete  and  the  weight  of  steel  required  for 
reinforced  ronrj-ete  arch  culverts  of  various  sizes  Imilt  by  the 
C,  M.  k  St.  1*.  Uy. 

A  bridge  pier  is  a  structure  whose  function  is  to  support 
the  adjacent  ends  of  two  upany  of  a  bridge,  and  it  must  be  able 
to  sustain  the  vertical  dead  and  live  ]<»ul,  traction  forces  on  the 
auijcrritructurc,  wind  cfToct  on  the  bridge  and  on  passing  trainSj 
centrifugal  force  where  on  a  curve,  and  the.  impact  and  pressure 
due  to  ice  and  drift  in  the  stream.     Piers  may  be  classified  aa 
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1.  Pile  piers. 

2.  Steel  cvlindera. 

3.  Pedestals  or  low  piers  supporting  columns. 

4.  Mass  piers  of  Btone  or  of  plaiu  eoucrete. 

5.  Reinforced  concrete  piers. 

a.  Solid. 

b.  Hollow. 

TTie  poet  of  piers  varies  greatly  and  can  best  be  estimated 
from  the  cubaturc  of  the  masonry,  the  cost  varying  from  $6  to 
SIO  per  cubic  yard. 

An  ahutmpnt  is  a  Btructnre  whose  function  is  to  support 
the  end  of  the  superstructure  of  a  bridge,  to  retain  the  embank- 
ment carryiiiR  the  roadbed,  to  provide"  support  to  the  track 
passing  fmm  the  earth  roadlied  lo  the  bridge  floor,  to  w-ithsti 
a  large  portion  of  the  tractive  forces  exerted  on  the  bridge  and 
to  protect  the  embankment  against  scour.  Abutments  may 
clai«sified  as  follows: 

1.  Pile  abutments. 

2.  Steel  cylinder  abutments. 
3-  Mas8  abutments  of  stone  or  of  plain  concrete. 

a.  Wing  abutments. 

b.  U-abutments. 

c.  T-abutments. 
4,  Reinforced  concrete  abutments. 

a.  Counterfort  wing  abutments. 

b.  U-abutments. 

c.  Arch  abutments. 

d.  Trestle  abutments, 

Mr.  J.  H.  Prior.*  Engineer  of  Design,  C,  M.  *  St.  P.  Ry.,  gii 
the  cost  of  various  types  of  bridge  abutments  as  shown  in  Fig. 
106.  His  general  conclusion  is  that  for  high  Gils,  the  rciiifort»d 
concrete  abutment  is  more  economical  than  the  mass  abutment. 

The  cost  of  bridge  substructure  depends  very  greatly  upon 
the  facility  with  which  a  satisfactory  Iwuring  for  the  piers  and 
abutments  is  obtained.  For  I.irge  {structures,  it  is  usually  dcsir> 
able  to  sink  the  foundations  to  solid  rock,  or  to  other  stable 

•  Proc.  Am.  Ry.  Eag.  A«n..  Vol-  XHI.  p.  10S5. 
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matoriaL  To  do  this  ofton  requires  ^x^cial  proccseos  that  may 
constituU'  a  consulmablp  portion  of  the  cost  of  thv  siiIjstnictiiJT. 

Piles  arc  driven  where  the  soil  is  conipresfliI)le  and  incapahli' 
of  supporting  the  load  with  any  reasonable  spread  of  footinjEs, 
The  cost  of  piles  driven  is  about  20  to  35  cents  per  Unear  foot  of 
piles. 

In  water  and  in  semi-fluid  soils,  special  means  of  eecurinic 
a  siilid  foiindution  must  Ik-  a(lopte<l  and  the  methwl  of  procedure 
depends  largely  upon  the  depth  below  the  water  line  to  which  the 
foundation  must  be  sunk.  The  following  limits  indicate  rouffhiy 
avenme  pntctiee  in  this  respect,  ttlth<mjjh  other  ct^nsiderations 
beside  depth  may  cause  a  wide  variation  from  these  limits: 

0-  10  ft.,  timl)or  sheet  piling. 

10-  30  ft.,  timber  or  sU^]  sheet  piling,  and  cofferdam. 
20-  50  ft.,  steel  sheet  piling  cofferdam. 
40-  GO  ft..  op(>n  eaipiwns,  or  pneumatic  caissons. 
5(1-11.^  ft.,  pneumatic  caissons. 

The  cost  of  such  foundations  varies  from  SlO  to  $20 
cubic  yard  of  ma-wnrj-  Mow  the  surface. 

Steel  Bridges.  Wliere  streams  are  to  be  croeaed  that  require 
a  spiui  uf  mure  limn  about  100  ft.,  truis^  bridges  are  coniniunly 
uwhI.  phile  girders  Iwing  employed  f<ir  Bpans  .<;hnrler  than  this, 
although  deck  girders  up  to  110  tuid  115  ft.  are  not  uncoramon. 
For  very  short  s]Kin.s,  I-beanis  instead  of  plate  girders  are  soirw- 
tinica  uwd,  especially  where  shallow  floors  arc  de«re<l.  For 
crossing  ra\*ines  where  short  spans  may  be  employed,  steel 
trestle  towers  with  plate-girder  spans  are  usually  employed.  The 
cost  of  sltt*]  work  uf  this  sort  can  be  cyliniatcd  from  current 
priees,  amounting  utiually  to  3)  to  4|  cents  per  pound  in  place. 
The  weights  of  different  t>*pe.?  nf  steel  bridges  may  be  estimated 
appntxinialcly  by  the  following  formulas: 

Tlirough-plate  girder,  open  floor,  w  =  700+lX'5; 

Dock-plnte  girder,  of)en  floor,  tt'  =  550+&S: 

Dcrk-plate  girder,  concrete  and  ballasted  deck,  U'  =  400-f-l(W; 

Pin-connected  truss  span,  w  1000+  lOS, 
w  being  the  wdght  per  foot  of  length  and  S  the  span  in  ff?et. 
RivrttHi  truss  spans  aro  approximately  50  per  rent  heaWer  than 
pin-conneeted  for   similar  spans.    The  weight  of  steel  trestle 
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towers  may  be  expressed  approximately  by  the  formula,  TV' 
=  1400^4-70.000,  whore  W  is  the  total  weight  in  pounds  and 
//  the  height  in  feet  to  the  top  of  the  tower.  These  weights  are 
for  rollinfc  stock  comparable  to  Cooper's  E50  loading.  For  ESS, 
the  weiRhti*  t»hould  be  increased  about  3  per  L-eut,  and  for  £"45, 
diminished  ;i  like  iinumnt. 

Ballast  and  Track.  The  function  of  the  ballast  is  (1)  to 
provide  a  niciliuin  for  spreading  the  foundation  under  the  ties, 
(2)  to  facilitate  drainage  so  as  to  prt-vent  heaving  due  to  frost 
and  softeoing  due  to  mud,  (3)  to  grip  the  tics  so  as  to  hold  the 
track  in  plarc  lioth  laterally  ami  lonRitudiually.  and  (4)  to  afTonl 
a  convenient  means  of  keeping  the  track  accurately  lined  and 
surfaced.  The  amount  of  ballast  required  depends  upon  the 
construction,  anunmting  on  first -elass  construction  to  about 
3000  cu.yds.  per  mile  of  track. 

The  function  of  the  ties  is  to  form  a  bearing  for  the  rails  by 
distributing  the  eoneeritrated  loads  over  a  width  (xpial  to  the 
length  of  lh(i  ties.  The  price  of  ties  varies  for  different  localities 
and  with  the  grade  of  tics.  First-class  ties,  7  ins.  by  9  ins.  by 
8J  ft.  long,  eopt  about  75  cents  each,  wliile  firsl-cUss  ties,  6  ins. 
by  8  ins.  by  8  ft.  long,  cost  about  GU  cents  each. 

The  (|uantttie.s  of  materials  per  mile  of  track  are  indicai'Ml 
in  Table  LXII.  The  prices  of  these  may  be  obtained  from  cur- 
rent price  lists  in  engineering  periodicals.  .Ajigle  bars  (24  ins.) 
for  80-  and  90-lb.  rails  weigh  about  (M  to  72  lbs.  per  pair. 
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The  cost  of  laying  track  and  placing  the  ballast  depends 
upon  the  type  of  construption  and  the  methods  used.  La>-ing 
by  hand  cosU  from  S175  to  $2o0  per  mile,  while  laying  by  machlii- 
ery  costs  from  $125  to  $175  per  mile.  The  labor  on  turnouts  is 
umally  about  $25  each.  The  following  prices  give  an  approxi- 
mate notion  of  costs  of  track  raaterial : 

Ballast,  cnished  rock,  50  to  75  cents  per  cubic  yard.  Gra\'pl 
35  to  GO  cents. 

Ties,  good  quality^  70  cents  each. 

Rails,  Bessemer,  $28  per  tun;  open  hearth,  $30  per  ton. 

Spikes,  2  cents  per  pound. 

Angle  bars,  1.5  centtt  per  pound;  tic  plates,  same. 

Track  bolts,  2.4  cents  per  pound;  nutlocks,  same* 

On  p.  188  is  given  the  form  of  the  American  Railway  Engineer- 
ing Association  for  irstiinatiiig  the  cost  of  railroad  construction. 

Original  Cost  of  Great  Northern  Railway.  The  data  on 
p.  487  represent  the  original  cost  of  the  Great  Xorthern  H&ilway, 
488  miles  in  length,  and  are  considered  typical  of  such  work. 

Resume.  In  the  foregoing  chapters  an  attcnipt  has  been 
made  to  outline  the  principles  governing  the  economitail  design 
of  a  railway  location.  With  ct^rtain  conditions  of  traffic  and 
topography  given,  the  problem  is  to  design  the  transportation 
plant  that  nill  handle  the  business  most  economically.     The 


idea  expreesed  by  the  equation 


R-E 
C 


~p  has  been  retained  aa 


fundamental.  The  per  cont  earnings,  p,  must  be  made  as  large 
as  possible,  and  it  will  Im'  ini-rciscd  by  increasing  the  revenues, 
R,  by  decreasing  the  expenses,  E,  or  by  decreasing  the  capital 
invested,  C  The  solution  involves  a  consideration  of  (1)  capital 
and  fixed  charges,  (2)  rates  and  revenues  and  the  conditions 
affn<;ting  the  same,  (3)  the  characteristics  of  the  motive  iwwer 
employed,  its  limitations  and  passibilities,  (4)  the  resistance 
to  be  overcome,  (.5)  an  analysis  of  operating  ex[»ense8  in  order 
that  (ho  effect  of  various  changes  in  location  may  be  estimated, 
(6)  train  operation  and  rolling  stock  characteristics,  (7)  tlie  effect 
of  grades  on  train-loads  and  on  train  ofH-ration  generally,  (S)  the 
effect  of  minor  details  of  distance,  rise  and  fall,  and  curvature  on 
revenues  and  operating  expenses,  (9)  the  choice  of  single  or 
double  track,  (10)  methods  of  obtaining  the  data  on  which  the 
design  is  based  and  the  procedure  in  locating  and  constructing  the 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

6. 

9. 
10. 
11. 
12. 
13. 

|i 

1 18. 
19. 
20. 
21. 
22. 
23. 
24. 

»25. 
26. 
27. 
.28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 


Origikal  Cost  or  CJt.  Nohtheiln-  Hy.  xn  WAsaiNQTON* 

ti«m.  Milcufliiw. 

Engineering %  1.319 

Right  of  way 4,a56 

Real  estate 230 

Clearing  and  grubbing. 1,098 

Grading 1 1,343 

Tmiiicls 5,624 

Masonry 942 

Cribbing  and  bulkiieadUig 714 

Briilgcs  and  cu!vcrt« 4,318 

Cattle  guards,  rood  crossiiigij  and  signs 234 

Ties , 1,198 

Rails 5,932 

Rail  faatenings. ,,,..,. 774 

Fngs,  switches,  etc 169 

Tnii;kluyiiig  and  surfacing 532 

liallaating 1,088 

fjurfocing,  filling  and  lining  track 61 

Trans purtut ion  dcpurtnicut  builiUnf^ 615 

Rfiad  department  buildings 88 

Riiund  houses  and  shops 328 

Fuel  and  water  Btatlons 258 

Ducb),  wharves  and  incUnee 44 

Columbia  River  incline -  122 

Other  buildings  and  structures 26 

Fences 22 

Telegraph .v.  >...*..... 47 

Shop  tools  and  machinery OS 

Protection  aguiiwt  ice  and  snow 168 

Locomotive  and  car  ser^iw; 86 

General  expense 108 

Transportation  men  and  materiidH « 92 

In.stirance 1 

Operating  cx[wn8C • 514 

Interest  on  advances 501 

Bund  expcnfKs 74 

Bond  tntercHt  during  construction 1,569 

Wagon  roftda 32 


Total. 


1-14,412 


'  Eni^ineerinif-CotUracling.  Dec.  8,  IBOB. 


^^K         488               iiAlLROAI)  CONSTRUCTION  ESTIMATES                        I 

^^^B                                              fiSTINATE  FOB  TRACK  CONbl'HCCTtOM                                      ■ 
^^^^m                                                                A         it.  do.                                                    ■ 

.  A 

■ 

__A-ki_v_ihi.«-A                           %;     ■ 

^  I 

1 

^^^^H            «■  ii      Pill                  1^1— >                "^ 

1 

ITMi)                                                         1 

^^^H                                  ITtM 

rKscHipnQK           jutooMT 

VKIT  *>KR  \       oon 

^^^             ftn* 

A*fw                                                 ito. 

f    1   Z 

- 

-4-4 

^^^             thU. 

•tMnilgwfv  I  Mtt.1                  >•. 

ill' 

xd 

^^^^™                  M«b*fn^ 

n. 

^^^^                       ..       B.MI^ 

■ 

- 

-- 

1 

L 

- 

- 

- 

„ 

- 

- 

- 

L 

- 

- 

- 

- 

t,_ 

^^M         f^ aJ 

- 

~- 

^ 

^- 

- 

- 

- 

-1 

- 

- 

- 

-^ 

- 

^^^M            i«k«i. 

^^^B       «3i«r 

~ 

^^^                   Mb- 

".I 

^^^^           vU^ 

{UftH]                      TMM« 

^^^^^^H 

^^^H 

iM-MlVd.                             hM 

""X 

^^^^^1                       Jl^h  fcia                               Oan            U.  L»«lh                         F.lrt 

— 

- 

- 

- 

— Jj— 

- 

- 

L 

— 

- 

— 

- 

- 

— , 

- 

. 

^^^■.                         ...                                     ..                -        .. 

— 

h- 

— 

— ' 

— 

— 

~ 

— 

— 

— 

-^ 

- 

— f- 

^^H             Wh                         >»                                   k» 

^^^B             IULA>            EM                                        lU- 

^^^^            »*■ 

K^ 

^^^^                     IfilbuM 

, 

^ 

— 

^^^^                     htkM 

^^^^V                   aMlMrkr*!*) 

ganiFK                     CiL  Km 

: 

^^^^^^                  tlVini— OuMlwi 

^^^^^H 

^^^H                                   -    -UkM  ■■■■*  tlw 

- 

1 

^^^^1                   bisATlM 

ro  n<k               In  ml                   |M> 

j 

^^^^^^B 

H 

^^^H               ImMmU 

Hit.        Lk  )>> 

H 

^^^^                    ^MMtaHMi 

EM 

: 

u 

^^^^           iJb;Jfll:t= 

«L        LlL  Mrk 

1 

1 

^^^^^^^^H        ViJIaail  iS— .U...  TWk.- 

n~  on 

n 

^^^^^^^^^^^H        UllUA-Uhu'l.  idAU  tlp4> 

»Mi 

• 

1 

^^^^^^^^^^V      ki^*  iMaUBii                                                                         rt.  cw 

^^^^^^        fta*  IMW  kMj 

^^^r            lC;nliJ.«lJt 

«*^ 

^^^B            IfUlUi 

p>i>i 

1 

^^^              bU-tW 

B 

^^^^^B                      TIlUl  lllTT  'III 

n 

^^^H                      «»U 

1 

^^^H              kMrVili. 

- 

^^^H                         IPHht 

i^ik. 

- 

_l 

- 

— 

- 

— 

_ 

_j 

- 

- 

-. 

~ 

— 

— 

— 

4- 

^^^H                      fWllMikt 

— * 

~1 

— 

- 

— 

- 

~ 

— 

— 

— 

— 

— 

— 

— ' 

— 

;■  ■ 

^^^H              HMlb4wi> 

^~r 

^^^^          l^^v>n 

»* 

~i-      1 

^^^H           CSSnX 

_ 

_ 

— 1 

_ 

H 

_ 

— 1 

—1 

J 

_ 

— , 

_ 

_ 

_ 

— 

h--  1 

^^^^^B                    TMari* 

— ' 

— 

_ 

— 

-j— 

— 

— 

-1 

- 

- 

— 

— 

-■ 

— ' 

- 

\m\ 

* 

1 

1 

1 

-U  1 

ti  1 

^^^^^^H                   li^  1  iltti  (ManrtH) 

-U  1 

^^^^^^B                 ...» 

1 

Ti  1 

^^^^^H               ii«u^x««iy 

' 

±  1 

^^^^                          >M^«       -■ 

^^^^B                                                          Mm 

I 

■  r-  1 

^H         *''^^^'**'*^ n — ^ r 

_ 

„ 

_ 

( 

_ 

_ 

_ 

_ 

_ 

-t-^- 1 

^^      — ersa:""*'' h 

— 

- 

— 

— 

- 

- 

■~- 

— 

— 

t^T" 

- 

"H~'  1 

^^^^H                                                                                       Nd  tMta-M  CM 

- 

— 

_ 

- 

_ 

-, 

H 

_ 

— 

_ 

_ 

_l 

-^-  \ 

^^^^^H                                                                      1          M.tofn  MCMH                                    I 

— ' 

— 

— •— 

— 

— 

^1h 

-~ 

" 

) 

— 

d:  1 

I 

1 

--  1 

^^^                                              1      a4*>I» 

1 

.. 

i\. 

::  1 

^^^^H              in  r    ."      •"  I'll.'    " — -■■..^.■.-- 

•  .—MM. 

rfli<4  bf  laia 

p— t*-r- 

1 

^^^^ 

M 

h 

RESUME  489 

plant  as  designed.  None  of  these  subjects  has  been  treated 
exhaustively,  but  rather  in  outUne.  If  the  relative  significance 
and  importance  of  the  factors  involved  have  been  indicated,  the 
necessity  of  rational  design  in  each  case  demonstrated,  and  the 
method  of  procedure  suggested,  the  intent  of  the  author  has 
been  realized. 


APPENDIX  A 

SPECIFICATIONS  FOR  FORMATION  OF  THE  ROADWAY  * 

General 

AUgnzneot 

1.  The  center  of  the  roadway  shall  conform  in  alignment  to  the 
center  stakes. 

Subgrade. 

2.  The  gradc-hne  on  the  pra&lc  denotes  subgrade,  and  this  term 
indicates  the  tops  of  embankments  or  the  bottoms  of  excavations  ready 
to  receive  the  ballast. 

Crosfr-section. 

3.  T)k:  ruatlway  shall  be  Formed  to  the  section,  slopet*  and  dimemdom 
shown  upon  the  standard  drawings,  or  as  may  be  directed  from  time  to 
time. 

Width  of  Roadway. 

4.  When  liiii.ihed  and  properly  settled  the  road  shall  conform  to  the 
finishing  stakes  and  shall  be  of  the  following  dimensions  at  subgrade 
for  single  track,  via.: 

On  embankments ( )    feet    wide, 

aod   in   exeavations ( )    feet,   exclu- 

sivo  of  the  width  neoesaary  for  ditches.    For  each  additional  track  an 
additional  width  of ( )  shall  be  made. 

Slopes. 

5.  The  slopes  of  embankments  and  excavations  shall  l)e  of  the  frttlow- 
ing  incUnations  as  eiQweseed  in  the  ratio  of  the  hunzontal  distance  to 
the  vertical  riae: 

Embankmenta,  Earth — one  and  one-half  to  one; 

Rock — from  one  to  one,  to  one  and  one-half  to  one; 
Excavations,      Earth— one  and  one-half  to  one; 

Loose  rock — nne-half  to  one; 

Solid  rock^ne-quartcr  lo  one. 

These  ratif>s  may  l)e  varie<I  acconling  to  circumstances,  and  the 
slopes  shall  be  made  as  directed  in  each  particular  cose. 

*  Manual  American  Railway  En^eoring  Aasodatioti. 
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Cleaiunq 
Extent  of  Clearing. 

6.  The  right-of-way  and  station  grounds,  except  any  portions  thereof 
that  may  be  reserved,  shall  be  cleared  of  all  trees,  brush  and  perishable 
m&terials  of  whatsoever  nature. 

Disposal  of  Brush,  etc. 

7.  All  these  materials,  except  as  hereinafter  mentioned,  shall  be 
burned  or  otherwise  removed,  aa  may  be  directed,  and  without  injury 
tu  adjoininK  property- 
Stumps. 

S.  Where  clearing  ia  to  be  done,  stumps  shall  be  cut  close  to  the 
ground,  not  higher  than  the  Htump-tup  diameter  fur  trees  twelve  (12) 
ins.  and  le^  in  diameter,  and  not  higher  than  eighteen  (IS)  ins.  for  treea 
whose  stump-t«p  diameter  exreeds  twelve  (12)  ins.,  except  between 
hlojie  stakes  of  embankments,  where  stumps  shall  be  cut  so  that  the 
depth  of  filling  over  them  shall  not  be  less  than  two  and  onc-holf  (2))  ft. 

Clearing  in  Advance. 

0.  The  work  of  clearing  shall  be  kept  at  least  one  thousand  (1000) 
ft.  in  advance  of  the  grading. 

Cutting  and  Piling  Wood. 

10.  All  trees  whieh  may  he  reserved  Rhall  be  stripped  of  their  to 
and  branrhes,  made  into  ties,  or  cut  to  such  lengths  as  may  be  directed, 
and  neatly  jjiUnl  at  such  places  on  the  right  of  way  as  may  be  designated, 
for  which  service  payment  sha)l  be  made  by  the  tie,  or  by  the  cord  of 
one  hundred  and  twenty-eight  (128)  cu.ft. 

Isolated  Trees,  Buildings,  etc. 

11.  Wherp  isolated  trees,  or  where  buildings  exist,  paj-ment  shall 
be  made  fur  the  removal  thereof  at  a  price  to  be  agreed  upon  before 
removal. 

Measurement. 

12.  Measurement  of  clearing  and  paj-ment  for  the  same  shall  be  by 
units  of  one  hundred  (lOU)  ft.  square,  or  fraction  thereof,  actually  cleared. 

Grubbino 
Extent. 

1.1.  Stumps  shall  be  grubbed  entirety  from  all  places  where  exrava- 
tions  occur,  including  ground  from  which  material  is  to  be  borrowed  as 
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well  oa  from  ditchc«,  new  channels  for  water-ways  and  other  places 
where  required. 

GmbbiiiK  shall  also  be  required  between  the  slope  slakes  of  ftll 
embankments  of  Icsr  than  two  and  one-half  (2))  ft.  in  height. 

Grubbing  in  Advance. 

14.  The  wurk  uf  gruUiing  shall  be  kept  at  least  three  hundred  (300) 
ft.  in  advance  of  grading. 

Measurement. 

15.  Measurement  of  grading  shall  l>c  estimated  upon  all  exravation 
Actually  done,  anfl  the  space  to  be  covered  by  all  enibankincnUi  of  less 
than  two  and  one-half  (2))  ft.  in  height.  Payment  for  the  same  shall 
be  by  uiut«  of  one  hundred  (100)  ft.  iHiuare,  or  fractiou  thereof,  actually 
grubbed. 

GRADtNO 

16.  The  term  "  Grading  "  in  these  specifications  includes  all  excava- 
tions and  embankinenLs  for  ihp  farmntion  of  the  n>adbod,  ditching, 
diversion.s  of  roads  and  streams,  fuunduticm  pits,  and  all  simihu-  works 
pertaining  to  the  construction  of  the  railway,  its  side  tracks  and  station 
grounds. 

Work  Included — Classification. 

17.  All  mal^^riiil  <>xcavato<l  shall  be  classified  m  "  Solid  Rock," 
"  Loose  Rock,"  *'  Common  Excavation,"  and  surit  additional  clasei- 
fications  of  materials  as  may  be  established  before  tlie  award  of  the 
contract. 

Solid  Rock. 

18.  **  SoUd  Rock  "  shall  corapriflc  rock  in  solid  beds  or  masan  in 
its  original  position  which  may  best  l>e  removed  by  bbsting;  and  boul- 
ders or  other  detached  rock  measuring  I  cu.  yd.  or  over. 

Loose  Rock. 

19.  "  Loose  Rock  "  shall  comprise  all  detached  masses  of  rock  or 
stone  of  more  than  1  cu.ft.  and  lew  than  1  ou.yd.,  and  all  other  n>ck 
which  can  be  properly  removed  by  pick  and  bar  and  without  blasting; 
although  stcatn  shovel  or  blai^ting  may  be  resorted  to  on  favorable 
occaaions  in  order  to  facilitate  the  work. 

I  Common  EzcavatlOQ. 

I        20.  "  Common  Excavation  "  shall  comprise  all  materials  that  do 
■  not  come  under  tlie  claRaiBcation  of  "  Solid  Rock,"  "  Loose  Rock,"  or 
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mmarht 


brfoR  the  Bwmrd 


Mcfa  Other 

thteantnet. 

Finishing  Stopet. 

21.  fltopoi  of  «11  excsrmtioaa  ihd  be  cat  true  and  stiai^ty  cad 
kQ  kxMertooe  ia  the  dofx*  riiaD  beresioired. 

Excaratian  Below  Svbpadc 

22.  Bock  exciTmliao  ahaQ  be  taken  out  (. 

iae.  below  nibsrade  and  refilled  to  mbersde  with  approved  mateswL 

Kzc«M  Excavation  and  SUpa. 

23.  Kxcavati(/n  in  excen  of  the  authoriied  ctom  acction,  as  wefl  h 
ilida*  extending  Lcyood  the  slope  tines,  shall  not  be  paid  for  miem 
dur>  to  cauMi  beyond  the  control  of  the  contractor  or  hi«  agRita.  la 
all  caaM  the  mrplus  mat«nal  shall  be  removed  by  the  contractor  withoot 
delay  and  the  slopes  reformed.  The  clft»i6«ition  of  the  material  dull 
be  in  fic-corcUnre  with  its  conditions  at  the  time  of  removal,  repudlcfli 
of  prior  C4iiuliliuiui.  The  measurement  u(  the  material  shall  be  lb» 
original  space  occu[ned  regardluit  of  the  claasificatioa. 


o  ma^^^ 


Disposal  of  Excess  Excavation. 

24.  \Vh(-rt?  ttie  quantity  of  excavation  exceeds  that  required  to 
the  embankment  to  standard  crrws-aection,  the  surplus  shall  be  used  to 
widen  the  emtmnkmeiit.-t  uniformly,  along  one  or  both  sides,  as  amy  be 
directed,  and  uu  material  E^hall  be  deposited  in  waste  banks  unless 
wtmte  bo  indicated  on  the  pmfiles  or  by  written  order. 
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Waate  Banks. 

26.  Whore  wantinK   ih  ordered   the   mnlenal  sliall,  if  poeable, 
depostttrd  below  grade  line,  and  under  no  circumstances  shall  the  waste 

bank  have  ita  nearest  edge  within ( )  ft.  of  the 

Klope  stakes  of  the  cutting. 


Borrow  Pits. 

26.  Where  the  quantity  of  excavation  from  the  cuttings  of  standard 
oron-section  is  insufficient  to  form  the  embankment*),  the  deficiency 
shall  be  made  up  by  widening  the  cuttings  on  one  or  both  sidf*  of  the 
center  line,  as  m&y  be  directed.  No  material  Rhall  be  taken  from  bor- 
row pits,  unless  such  borrow  be  indicated  cither  on  the  profiles  or  by 
written  order. 

Approximate  Quantities  Shown. 

27.  The  classification  aad  quantities  shoflp-n  on  Ihe  profile  exiilbtted 
for  distribution  of  material  arc  approximate  only,  and  shall  in  no  way 
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govern  the  6nali  estimate.  Thn  rompany  re»en'p«  the  right  to  increase 
or  dinuuish  the  quantities  given  without  affecting  tlte  contract  unit 
prices  for  the  various  ports  of  the  work. 

Reserving  Gravel. 

28.  Gravel,  stone  or  other  material  suitable  for  special  use  of  the 
company,  which  is  found  within  iht;  excavutiotis,  i>hall,  when  required, 
be  reserved  and  deposited  in  convenient  plaees  on  the  right  of  way,  as 
directed.  Other  Kuitabte  material  in  the  vicinity  shall  bo  substituted, 
as  required,  to  complete  the  ciubanktiienln. 

Benne  in  Rock  Cuttings. 

29.  A  berme ( )  ft.  shall  he  left  between  the 

ijgfjf  of  slope  of  rock  cuttings  and  the  top  nf  the  slope  of  the  oN'erlj'ing 

Ih, 

Intercepting  Ditches. 

30.  Intercepting  ditches,  when  ordered,  shall  be  made  at  the  top  of 
the  slopes  of  all  cuttings  where  the  ground  falU  toward  the  top  of  the 
slopoii.  These  ditrhes  muHt  diverge  pufficipntly  to  prevent  erosion  of 
the  adjoining  einbiuikmciit.  The  cross-sections  and  locations  of  wich 
ditches  tihall  be  de.sigiiate<l.  If  required,  they  »hall  be  excavated  in 
advance  of  opening  the  cutting. 

Ditches  in  Cuttings. 

31.  Ditches  tthalt  be  formed  at  the  bottoms  of  slo|)eB  in  cuttlnga, 
according  to  cros8-sectionM  kIiowii  ujwn  the  plans,  or  such  modifica- 
tions thereof  as  may  be  directed.  They  shall  lie  neatly  made,  cle-or  of 
obstruction,  and  at  the  lower  endet  must  diverge  (sufficiently  to  prevent 
ero«ion  of  the  adjoining  embankments. 

Sub  drains. 

32.  Subdrains  of  tile  phall  Ite  conntnicted  of  the  sixc  and  at  the 
location   directed.    Trcncbea  for   thcf^e  drains  shall   be   taken   mil   at 

least ( )  ins.  below  the  frost  line;  tlie  tile  shall 

be  laid  on  a  bed  which  shall  be  true,  with  half-round  sections,  with  a 

filling  of  at  least  ( )  ins.  of  cindera  or  other 

suitable  material  on  either  side  and  above  the  tile,  and  then  covered  with 
ordinary  soil  to  the  top  of  the  trench. 

Unsuitable  Material. 

33.  Excavation  incident  to  the  construction  of  the  roadbed,  ditches, 
channels  and  roadwo>'s  shall  be  used  in  forming  the  omhnnkments. 
Frozen  or  other  unsuitable  material  shall  not  be  permitted  to  enter  into 
their  composition. 


Formation  in  Layers. 

34.  When  directwl,  cmbankm«ntH  fthAll  be  built  in  hnrixonUI 

of ( )   ft.   ill   thickness.    These  layers  shall 

be  of  the  full  width  of  tfie  embankments  and  built  to  the  true  slope, 
and  nut  widened  with  loom  m&ti^nal  from  the  top.  The  most  ftuitable 
matcriid  sKaII  ho  rujurved  fur  (liiit>htng  the  surTacc;  lui^e  stones  shall  nut 

be   permitted  within  &  depth  of  dt  least    (........) 

below  subRTttde. 


Shrinkage. 

35.  Embankments  shall  be  carried  to  such  heiKht  above  9ubgradft_ 
and  to  such  inercat«cd  width  as  may  be  deemed  a  necessary  provision 
shrinkage,  rompresKion  and  wiishing.  Ah  tlie  embankments: 
consolidat^^d  their  sides  Bhall  be  carefully  trimmed  to  tlie  proper  alopee 
and  they  must  1x^  maintained  Ui  their  proper  height,  dimensions  and 
shape  until  the  work  is  finally  accepted. 


Embankments  on  Slopes. 

M).  Where  an  embankment  i«  to  be  placed  on  sloping  ground,  the 
surface  shall  l>e  deeply  plowed  or  stepped.  Whenever  directed,  bogg>- 
or  unstable  material  shall  be  excavated  so  that  the  embankment  shall 
be  on  n  Hnn  foundation. 

Embankments  Across  Swamps. 

37.  In  croKsing  bogs  or  swamps  of  unsound  bottoms  for  tight  fills, 
a  special  sulistructurc  of  logs  and  brushwood  may  be  required,  the  logs 
forming  thif<  fimudutioti  to  be  not  less  than  six  (6)  in^.  in  diameter  at  the 
small  ends.  If  neceflsary,  there  shall  be  two  or  more  laj'ers  onunng 
each  other  at  right  angles.  TVie  logs  of  each  layer  shall  be  placed  clom 
together,  with  bniken  joints,  and  covered  cloeely  with  brush,  The  bot* 
tom  layer  shall  l>e  placed  trunsver«ely  to  the  roadway,  and  shall 
project  at  least  five  (5)  ft.  beyond  the  slope  stakes  of  the  eml>ank- 
ment. 

Men.«nrement  and  payment  fur  thi.s  substructure  shall  1*  by  unite  of 
one  hundred  (100)  ft.  square^  or  decimal  thereof,  of  area  covered  by 
each  layer. 

Filling  Trestles. 

3H.  In  forniing  rnibankmcnts  from  trestles,  the  material  shall  be 
thoroughly  com|)act<rd  between  the  trestle  bents  and  around  and  under 
all  parts  of  the  stnicture.  In  case  of  train  filling  from  a  temporary 
trestle,  the  material  shall  be  uiiformly  spread  in  the  filL 
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Embankments  at  Trestles. 

39.  Kmhariknierttri  abutting   tlie   ends   of   trestle   bridges  shall   be 

brought  forward  upon  the  structure  a  distance  of  at  least 

^^. }  ft.  in  order  to  form  a  full  roadbed. 

Finishing  Subgrade. 

40.  The  subgrade  shall  bp  eompiict  and  BniRhed  to  a  true  plane, 
thus  leawng  no  depression  tluit  will  hold  water. 

Embankments  over  Masonry. 

41.  Material  for  emhankments  over  or  about  maRonry  or  other  struc- 
tures shall  be  dpposited  in  thin  layers,  and  each  layer  rarefully  tamped. 
Special  care  shall  be  exiireised  that  iiu  exee^ve  Htrain  be  placed  upon 
these  structures.  Only  the  best  material  shall  be  permitted  for  the  pur- 
pose of  such  filling.  The  rontract  price  for  excavation  shall  cover  the 
cost  of  obtaining,  di.stributing  and  packing  the  material  behind,  over 
and  arouud  such  btructures. 


P  Borrow  Pits 

Land  Provided. 

42.  Land  for  borrow  pits  or  waste  banks  shall  be  provided  by  the 
railway  company. 

Drainage. 

»Aii.  Horrow  pits  shall  be^  connected  with  ditches  and  drained  to  the 
nearest  water  course,  when  required.  Unlcs.^  directed,  material  shall 
not  be  borrowed  to  a  depth  to  prevent  proper  drainage. 

Slopes  and  Bermes. 
ft        44.  Side  slo(K_*s  of  borrow  pita  on  the  right  of  way  shall  1*  the  .>iame 
Kas  used  in  the  eruss-section  of  the  adjoining  roadway.    A  bermc  uf  not 

Hnii  thai>  ( )  ft.  in  width  shall  be  left  betA'coD 

"dope  stakes  of  the  embankment  and  the  edge  of  the  borrow  pit.    A 

berme  of  not   lc.'«a  than    ( )   ft.  shall  lie  left 

between  the  outside  slope  of  the  borrow  pit  and  the  right  of  way  line. 

Bermes  shall  consist  of  the  original  unbroken  ground. 

Cross-sectioning  of  Pits. 

45.  Burnjw  pits  shall  not  be  excavale<l  before  they  ha\'e  been  slaked 

fout.     ilorrowing  must  be  done  in  regular  shape  in  order  to  admit  of 

tBady  and  accurate  measurement.     IJorrowing  or  wasting  of  material 

will  not  be  permitted  on  land  set  apart  for  station  grounds  or  for  other 

special  purposes,  except  by  written  directions. 
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PbICE   AXD  ilEASTREUXr  OF   GrjU>D(0 

Buis. 

46.  Grading  shall  be  estimated  and  paid  for  br  the  cubic  yard  ai 
the  {vices  specified  for  the  respective  materials.  Measaremmte  ^lai! 
be  made  in  excavation  only,  except  as  hereinafter  moititnied. 

Work  Included  in  Price. 

47.  The  contract  price  per  cubic  yard  shall  include  the  excavatioo 
of  the  mat«rial  by  any  method  whatsoever;  the  loading,  transportation 
and  deprjsit  of  the  same  in  the  manner  [described  by  these  spedficatkMis 
and  in  the  places  designated;  the  {dowiug  or  benching  of  the  slopes, 
and  all  other  expen.<ies  incident  to  the  vork  of  grading. 

Haul. 

48.  Unless  otherwise  specified,  it  is  distinctly  understood  that  the 
contract  price  per  cubic  yard  co%'erB  any  haul  found  necessary.  No 
allowance  will  be  made  for  any  so-termed  o\'erhaul. 

fALTERXATE   OpnOXAL   (H'ERHAUL  CuiUBE) 

(The  fdlmring  alUmate  optional  overhaul  clause  is  recommended  to 
be  HuliHtititted  for  clause  No.  48  of  the  Specifieations  for  the  Fonnation  of 
the  Roadway  in  case  it  is  desired  to  alUnc  overhaul.) 

HauL 

48a.  N'o  pa>-ment  shall  be  made  for  hauling  material  when  the 
length  of  haul  df>es  not  exceed  the  limit  of  free  haul,  which  shall  be 

( )ft. 

The  limits  of  free  haul  shall  be  determined  by  fixing  on  the  profile 
two  iwintH — one  (;n  each  side  of  the  neutral  grade  point — one  in  exca- 
vation and  the  other  in  embankment,  such  that  the  distance  between 
them  shall  equal  the  specified  free-haul  limit  and  such  that  the  included 
quantities  of  excavation  and  embankment  shall  balance.  All  haul 
of  material  beyond  the  free-haul  limit  shall  be  estimated  and  paid  for 
on  the  basis  of  the  following  method  of  computation,  \iz.: 

All  material  within  this  limit  of  free  haul  shall  be  eliminated  from 
further  consideration. 

The  distance  Ixitween  the  center  of  gravity  of  the  remaining  mass 
of  excavation  and  the  center  of  gravity  of  the  resulting  embankment, 
leas  the  limit  of  free  haul  as  above  described,  shalj  be  the  overhaul  dis- 
tance. 

Overhaul  shall  be  computed  in  units  of  1  cu.yd.  moved  100  ft.,  and 
compensation  to  be  rendered  therefor  shall  be  computed  on  Buch  units. 
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In  caao  materia!  is  obtained  from  l)orrow  pits  alonn  the  embank- 
laeDt  and  runways  constructeH,  the  haul  shall  be  detenntned  by  the  dis- 
tance the  team  neccasaxUy  travels.  The  overhaul  shall  be  determined 
by  multiplyiug  the  iiumlwr  of  cubic  yards  so  hauled  by  one-hoJf  uf  the 
round  distance  made  by  the  team,  less  the  free-haul  distance.  The 
runwa>'s  fhall  be  ealablished  by  the  engineer. 

Embankment  Measurement 

49.  If  it  be  intpractirahle  tti  meafflire  borrowed  material  in  excava- 
tion, it  may  be  meuaurcd  in  embankment,  using  the  cruss-section  note? 
of  the  embankment,  and  making  a  just  and  reasonable  allowance  for 
change  in  bulk,  so  that  the  quautitiei*  Rhall  equal  the  excavation  quan- 
tities a^  nearly  as  pois^ible. 

Borrow  Classification. 

50.  No  dai'siti ration  or  allowanfe  Khali  be  made  for  loose  or  solid 
rock  in  borrow  pits  unletfs  !^)XH:ifj('  written  IiiHtructiun.s  iire  ^iven  to 
the  contrary,  it  being  the  intent  and  meaning  of  these  ^peeifieations 
that  all  In^rrowcd  material  shall  be  classified  and  paid  for  as  common 
excavation. 

TimNEL  Excavation 

line.  Grade  and  Cross- section. 

51.  TunnelM  ahall  lie  excavated  to  the  alignment,  gradient  and  sec- 
tions shown  upon  the  plans,  or  to  such  miHlifications  thereof  as  may 
be  directed. 

Bottom  of  Rock  Tunnels. 

52.  The  material  from  rock  tunnels  shall  be  taken  out 

( }  ins.  below  subgrade  and  refilled  to  8uk^;rade  with  approved 

tnaterial. 

Blasting. 

fi3.  Blasting  shall  be  done  with  all  powible  care  so  as  not  to  damage 
l^the  roof  and  Kide.'t.  All  insecure  piccca  of  rock  beyond  the  standiird 
[  rmng  nnrlJnn  shall  be  removed  by  the  contractor. 

Excess  Excavation. 

54.  Ex<:avation  in  exoesa  of  the  authorized  cross^ection  shall  not 
be  paid  for. 

Price  to  Include. 

55.  The  price  paid  for  tunnel  excavation  shall  embrace  the  co«t  of 
removal  of  all  nmterials  between  the  outer  faces  of  the  portals.    It 
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shall  include  the  loosening,  [nmlini;,  trnti^portation  and  placing  nf  the 
Oisterials  in  criihnnkmcnt  or  wii.'ite  hunk?,  ns  (tirpct4!<l.  It  shall  also 
include  whatever  iimterial-H  and  labor  arc  required  for  lem[»orury  props, 
supports  und  scafTolding  for  the  safe  proserution  nf  the  work,  as  well 
as  all  expense  of  keeping  the  tunnel  ventilated  and  free  from  water, 
oil  or  gas. 

Niches  or  Recesses 

56.  Nirhcs  or  recesaes  for  the  protection  and  convenieoce  of  the 
railway  enQployees  shall  be  pro\'ided  at  designated  intwvala. 

Shafts. 

57.  The  location,  number  and  dimoasionti  of  all  tdtafts  liuD  h$ 
determined.  The  excavntion  price  for  them  sbiUl  cover  oJl  "if^tfririi 
contained  within  the  specified  cross-section  between  the  surface  of  the 
ground  and  the  connection  of  the  t^UufU  with  the  tunnel.  The  price 
shiiLI  altio  cover  all  material  and  labor  fur  curbing  and  support  of  the 
Bides  of  the  shafts  aa  may  be  required,  the  cost  of  keeping  the  shafts 
ventilated  and  free  from  water,  oil  or  gun,  us  well  tm  the  cost  of  all  pump- 
ing and  hoisting  machinery. 

Wells  or  Sumps. 

58.  WeilH  or  sunii»<  within  the  tunnel  necessary  for  its  permanent 
drainage  sliall  be  made  as  directed  and  paid  for  at  the  same  rate  per 
cubic  yard  aa  for  tunnel  excavation. 

Right  of  Way  for  Roads. 

59.  The  contractor  shall,  without  loss  or  liability  to  the  company, 
construct  all  roads  uece&MU'y  for  his  use  in  tite  execution  of  this  con- 
traot. 

Haul. 

60.  The  contract  price  per  cubic  yard  for  tunnel  and  shaft  excava^ 
tion  respectively  covers  any  haul  found  necessary  in  placing  the  mate- 
rial where  (tesiKriated,  within  the  limits  agreed  upon.     There  shall  be  no 

aUowaucc  for  ao-termcd  overhaul. 


Clauses  Spbcuu.y  Api-ucablk  to  Rkvisiun  of  Exishng  Line  ob 

WlOKNINO    FOR  AdDITIO.NAL  TrACK 

Safety  of  and  Delay  of  Trains. 

01.  The  conlriictor  shall  arrange  his  work  so  that  there  will  be  no 
interference  or  delay  in  any  manner  with  the  train  Her\ice  of  the  com- 
pany. He  shall  be  responsible  for  any  damage  to  (he  coropacy'B^ 
property  cau:ied  by  his  acts  or  those  of  his  employees.    Whenever  the 
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work  is  liable  to  affect  the  movement  or  safety  of  trains,  the  method 
of  doing  such  w<irk  whall  first  Im*  submittfid  for  approva],  without  which 
it  shall  not  be  luinnKinccd  or  prosccuU-d,  U  continuous  detention 
occurs  to  the  train  sen^ice,  the  company  reserves  the  right  to  com- 
plet«  the  work  at  the  expense  of  the  contractor  after  giving  him  written 
notice. 

Precautions  for  Safety  of  Trains  and  Tracks. 

62.  Heavy  bhisting  :s]ial!  not  be  permitted  close  to  the  main  tracks, 
nor  shall  the  wjntrartcir  I*  jjermitlwl  to  tranHiwrt  material  along  or 
between  the  company's  tracks,  except  wlien  pnvptrrly  authorixcd.  lr\nien- 
ever  the  work  authorized  affecU  the  safety  of  the  trains  or  tracks,  the 
company  shall  take  such  precautions  as  it  may  deem  advisable  to  insure 
safety.  The  coi^t  thereof  shall  l>e  charged  to  the  cuutmctor  and  deducted 
from  his  c&ttmate. 

When  and  How  Company's  Tracks  May  Be  Moved. 

6;i.  The  c(mtrart<>r  ^liiill  tiol  nmve  the  canipaiiy's  tracks  or  in  any 
way  interfere  with  them  under  any  circumstances.     Whenever  it  becomf 
De<'essary  that  the  main  line  or  Ride  tracks  Ix*  moved,  it  shall  be  done  by^ 
the  cotn|)iiiiy,  and   the  actual   cost  thereof  charged  to  the  contractor 
and  deducted  fnim  his  eiitimut^. 

Location  of  Additional  Tracks. 

Gi.  The  lucatiun  of  additional  tracks  shall  be  on  the side 

of  the  existing  line.  But  whenever  it  is  expedient  to  change  any  por- 
tion to  the  opiKJsite  side,  the  altcrerl  alignment  shall  tm  tUiown  upon 
the  maptt  ur  diugruni^  furnished  by  the  coriipiiny,  and  the  contractor 
ehall  conform  to  the  Ramo  without  extra  charge. 

Plowing  Slopes. 

65.  Whenever  the  existing  embankment  of { ) 

ft.  in  height  or  over  iH  raiiw-d  ur  widened,  the  slope  of  the  existing  embank- 
ment shall  l>e  deeply  plowed  to  bind  the  new  material  thoroughly  to  it. 

Crossings. 

66.  Whenever  it  in  necessary  for  any  material  of  any  description  to 
be  tranHporte<1  across  the  existing  track  or  tracks,  the  location  of  the 
cruasinKs  must  be  approved.  The  material  and  labor  for  placing  and 
maintaining  the  name  slmll  )>e  fumtsheit  by  the  company.  The  actual 
ooHt  shall  be  charged  to  the  company  and  deducted  frwn  his  estimate. 

Watchmen,  Operators  and  Flagmen. 

67.  Day  and  night  wtttcliiiiOJi  shall  be  furnislied  by  tbo  company 
At  the  places  it  may  consider  necessary  for  the  safety  of  the  company's 
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traiiM  and  works.  Tht!  cwt  shall  be  charged  to  the  confracfor  and  d»* 
ducted  frutn  lu.s  estimate.  It  is  distinctly  understood,  however,  that 
the  prondiug  of  such  watchmen  shall  not  rcUevc  the  contractor  from  the 
liability  and  pajnnent  for  damages  caused  by  his  operations. 

Safety  Signals. 

(38.  The  coHt  of  installment,  miuntenance  and  ot)eration  of  all  sign^ 
necessary  to  ensure  the  safety  of  trains,  consequent  upon  the  contractor's 
work,  rihall  he  borne  by  the  contractor,  and  ail  instructions  regarding 
their  ob»er\'auce  shall  be  strictly  obeyed  by  biiu. 


Gbkeral  CoNomoNs 
Temporary  Fences. 

69.  Previous  to,  or  durinR  the  work  of  (cradioK,  the  contractor,  if 
directed,  shntl  erect  and  inaLiitaiu  temporary  fctices  in  order  to  prevent 
trespass  upon  the  railway  or  damage  to  adjoining  property. 

Crossings,  Damage  to  Property. 

70.  I'he  contractor  shall,  at  his  own  expense,  make  and  keep  to  good 
condition  cammodiou.«  pussinR  places  for  public  and  private  roads 
traversed  by  the  railway;  and  he  shall  be  hold  resixinnible  for  damages 
of  whatsoever  nature  to  persons  or  to  neighboring  property  caused  by 
workmen  in  his  employ  leaving  galea  or  fences  nppn,  blasting  rock, 
building  fires  or  in  other  ways.  If  nece^tsa^y,  the  pft>inent  of  the  eeti- 
mate  may  be  withheld  until  such  damages  are  satisfactorily  adjusted. 
The  intention  of  the  contract  is  that  the  company  shall  not  be  held 
responsible  for  any  claim  or  loascs  incurred  during  the  construction  of 
the  line  due  to  the  operation  or  negligence  of  the  contractor  or  hia  em- 
ployees. 

Changes  of  Alignment  or  Gradients. 

TI.  Tha  iilignment,  gradients,  and  crosft..%ction6  of  the  roadbed, 
as  well  as  ditches  and  other  incidental  work,  may  be  altered  in  whole 
or  in  part,  as  deemed  necessary,  either  before  or  after  the  (-(jmrnence- 
ment  of  the  work.  But  any  change  or  alteration  may  not  affect  the 
unit  prices  specified  in  the  contract;  nor  shall  any  ^ch  changes  or  alter- 
ations constitute  claims  for  damages,  nor  shall  atiy  claim  be  made  or 
allowed  on  account  of  such  changes  or  alteratioiLS. 

Soow  and  Ice. 

72.  Before  beginning  and  during  the  progress  of  the  work,  the  con- 
tractor shall  remove  all  snow  and  ice  betwoen  the  slope  stakes  at  lus 
own  expense. 


APPENDIX  A  fli 

Bench  Marks  and  Stakes. 

73.  The  contractor  shall  carefully  preserve  all  bench  marks  and 
stakes,  lii  cose  of  neglect  tu  du  so,  be  tjluUl  be  charged  with  the  result- 
ing expense. 

Roads. 

74.  Whenever  rec^uired,  the  contractor  shall  open  up  a  ftafe  road  for 
passage  on  horseback  aud  fuut  along  tile  whole  or  any  portion  of  the 
work  under  contract. 

Temporary  Roads,  Trestles,  etc. 

75.  No  allowance  or  comix-naation  whatsoever  ithall  be  due  or  paid 
to  the  contractor  for  any  tcmiwrary  roads,  bridges  or  treaties  that  he  may 
make  to  facilitate  the  work. 

Final  Clearing  Dp. 

76.  Before  the  work  is  finally  accepted  the  contractor  shall  at  hvt 
own  expense  clear  away  from  the  company's  property,  as  well  an  from 
public  and  private  roads  and  channels  of  .streams  and  ditches,  all  rubbish 
and  .HurpltiH  blasted  or  excavated  material. 

Extra  Work. 

77.  The  cost  of  any  extra  work  shall  not  be  r^nsidered  or  allowed, 
unless  such  extra  work  simll  l>e  done  by  direction  in  writing.  Such 
written  directions  shall  in  everj'  case  contain  the  rates  an<l  methods  of 
payment  for  such  extra  work. 

Contractor's  Risk. 

The  cuiitraclur  tthoJl  take  all  risk^  from  casualties  of  every  nature, 
and  sliall  not  be  entitled  Ut  any  compensation  for  detention  fmm  mjch 
causes.  The  contractor  a.*wunies  risk  of  personal  liability  and  damage 
to  stock,  tools  and  machinery  used  on  tlie  work  while  on  the  property 
of  the  railway  company,  and  the  contractor  agrees  to  make  uo  claim 
therefor  which  imiy  be  caused  by  the  operation  of  the  railway. 

Company  Defined. 

71(.  Wherever  the  word  "  Company  "  is  Ufied  in  these  specifications, 
it  designates  the Company. 

Contractor  Defined. 

80.  The  word  "  Contractor  "  ia  used  herein  to  designate  Ihe  person 
or  pereons  undertakmg  the  work  referred  to  in  these  specifications  and 
drawings. 
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Work  in  ClurKe  of. 

81.  In  the  foregoing  specifications  it  is  imdastood  and  agreed  Uiat 

the  Chief  Engineer  of  the  Company  is  in  charge  of  the 

work,  and  that  be  may  appoint  such  assistants  as  he  may  elect.  When- 
ever  the  specifications  refer  to  the  judgment,  directitui,  decision,  approval, 

etc.,  of  any  employee  of  the  Company,  they  deagnate 

and  mean  the  Chief  Engineer  or  one  of  his  assistants.  The  decisioii  of 
the  Chief  Engineer  shall  be  final  as  to  the  intent  and  meftDing  frf  these 
specifications. 

Specifications  I^irt  of  Ctmtract 

82.  The  specifications  and  general  conditions  referred  to  are  distinct^ 
understood  as  being  embodied  with  the  contract,  the  whole  fonning  the 
entire  agreement  between  the  company  and  the  contractor. 
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WcUa  or  sumpe,  600 

Hlaul,  496,  500 

Wood,  cutting  and  piling,  492 

H 

Dft 
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Atwndoncci  property,  62 

B«Uut:                                            ^^^^1 

AbutincnU: 

met  of,  486                                       ^^^^| 

duHified,  -182 

defined,  475                                                ^^| 

cost  of,  483 

inainlenHiico.  99                                               ^^m 

Aooderation,  rates  of,  380 

Bfiltiimm- A  tXiio  R.  R..  11 

Accidents: 

Bfe  Building  Co.  vttee,  57 

Bt  crwtHiugii,  332 

Berg.  W.  C.  314 

on  curves,  304 

Bctfticiuer  rtiib,  22 

responsibUity  fur,  337 

"Beat  Friend"  locomotive,  7 

Accounting: 

BcttcriucQl  defined,  314 

for  additions  and  bctt«rmcnt8,  31't 

Blackett,  exfxriuteata  on  friction,  3 

Yslualion  to  facililat«,  58 

'Blind"  drivers,  301 

Acoounts,  tcinpomry,  clearini;,  ct^  , 

Block  signals: 

05 

increasing  capacity,  349 

Addittouit  nnd  bettermerikt: 

inniiiteaaDCC,  106 

djiasificd,  316 

Boiler: 

dcEnod,  314 

looomotivp,  134 

bow  charged,  315 

loHtn-a,  140 

Advcrtx!  gmdca,  257 

motnentum,  236 

Air  brnkeii: 

Bondx: 

doacribed,  181 

debenture,  28 

cost  of  applifalion,  357 

defined,  28 

Allen,  Horatio,  firHt  locomotive,  4 

Borrow  pits,  4&5 

Alton  &  SauKiuuun  R.  R.,  13 

Broke  shoes,  m'car  on,  357 

Amortization,  06 

Bridge  cut-off8,  322 

Appreciation,  35 

Bridge  fute  mirveya,  463 

Aflfltfltant  enginps: 

Bridges,  trestim,  etc.,  OS 

conditions  favoring,  2fi5 

Bridges,  naght  of,  4H4 

ooflt  of  operation.  2T2 

Bruckner's  curve.  (See  Mass  diagnin.) 

duty  of,  271 

BucU  M.  C,  M.  A  St.  P.  Hy^  129 

in  pawien(5Pr  service,  270 

Buildinic*: 

Atchison,  Topcka  &  Santa  Fe  R.  U.' 

roiidwny,  W 

built.  IR 

Ntjiti*in  and  office,  99 

gradm  on,  'ifltl 

Automohilfw,  eoonomim  oT,  373 

CVinp   oricnnimlion    ami   HonitAtion, 

Axmen,  dutin  of,  397 

409 

C'-upocity  (if  Inick: 

Baker,  C.  W,,  tcnnuuU  co(rt«,  280 

econoaiit  linut  of,  3.W 

Baldwin,  M.  W.,  7 

influence  of  rliancter  of  trafTic,  351 

k 
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Hack.  27 

CtiHaiiiaiiow  of  nulwKjrt,  39 
Center  uf  (cnvitr  at  nttnc  slocik,  IM 
OntnU  P*ri£c  Ry .  18 
Ommmmi*  dirtMSi  ol,  3M 
Charto',  ndviqr  eoqientien.  23 
CUm«v  *  Akoo  a  R.,  13 
CUca«p,  Duriii^xMi  A  Quincy  R.  R. 
be^oi,  13 

finwot  wytbcto  lamxd,  20 

Waitera  Rate  C«ae,  00 
CWnun^  tiHwivkee  A  St.  Paul  Ry.: 

•iMmM  to  Pacific  Coast,  19 

Oner  of  pwty,  396 
Cboiee  of  ■tnictum,  ^I 
QliaiBlul  towiui,  73 
Chwiftf  linn  eomintttoea.  las 
CliMiflpitiop  teniiuniaa,  126 
Cbaificatiao  of  freigbt,  12S 
Oauin§,  east  of,  475 
ClevdaDd  A  Pittabnrs  R.  R^  12 
Coal: 

moatymt  of,  137 

nt«  of  firing,  148 
Coerawli,  423 

Colombia  A  Portage  R.  R.,  1 1 
CocntMatioD,  rale  of,  135 
CotamodHy  rates,  130 
Cominoa  auriea: 

defrwd,  38 

nqjondbilitin,  38 

iufajwt  to  coolrol,  37 
Conirnoii  rxravntiaa,  476 
Caraptun,  ruxuuiig  lixw  with,  396 
Coanpenialion  of  grades,  296 
OoaoMitift  liot^,  truffic  from,  86 
CoOBoliiUlKiri  lcM<oiiwtive,  156,  244 
"CoiilitM]oi»  l)panng  nytsiem,"  8 
CcalroUuic  poiots^  387 


aatbod,  134 


«2 

of  RfnoHctiant  00 

of   R^nMBettOB    MB 

CritMsl  speed.  141 

Craadniaa^  eitt-«f^SS3 


Ugfaway,  332 

intenirlan  aod  ativet  nulwsyi,  3l4 

stieain  railway,  344 

slnet.  333 
CruMiiiga  and  mtftB,  90 
Cmwsuliiwi,  4fiO 
Oown  Ktog  cxteaaoa.  410 
Culvert* : 

e(«tii,481 

staknHI  out,  465 
Corvatoie: 

dKMoe  of  degree,  310 

eonfmifttiaii  of  padse,  280 

eeoBQinif  eSeets,303 

eflBoi  on  operating  wtpemea,  305 

sffftCi  on  twcBiies,  308 

generml  eflects,  SOI 

limiting  effect,  301 

BKcfasBioJ  effects.  281 

on  intetaitMn  raihrays,  381 

ledoeCioa  of,  316 

■ipeielcviUkm  for,  292 
Qim: 

oompouad,  429 

danger  of  operation,  304 

dcgrve  fur  kKxtmotives,  309 

borxe  sbuf  and  mule  idtoe,  41i 

rwuae,  431 

rubber  or  c^llukiid,  425 

selertion  of,  425 

niupfe,  429 
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Di.«patching  traind,  104                       ^^^^H 

»\yec-A  of  trains  on,  297 

Distance:                                            ^^^^H 

spiraliog  on  old  trade,  317 

basis  of  ratefl,  280                            ^^^^| 

vertical,  -434 

riaasilied,  2SU                                   ^^^H 

Curve  resiatanco,  294 

effect  on  operating  eTcpeose,  2S6             ^^| 

Cut-off: 

effect  on  receipts,  2S1                        ^^^^H 

classi&cd,  318 

indirect  effect,  2tU                           ^^^^H 

cost  of  charged   to  operating  vx- 

on  interurban  rail«ra>'s,  361             ^^^^H 

peiues,  316 

minor  details,  279                           ^^^^^| 

effect  OD  fuel  consutnptioii,  260 

summary.  289                                        ^^H 

tunnel,  319 

Divisional  s>'Bt«m,  33                                 ^^H 

Cut-off  on  railwaya: 

Double  track;                                             ^^| 

Baltimore  &  Ohio  R.  R.,  320 

coHt  of  construction,  359                   ^^^^| 

Canadian  Pacitic,  321 

cost  of  mamteuanre,  361                    ^^^^| 

Chicago,  Milviiukcv  &.  St.  Pnut.  323 

effect  on  opej-ating  expenses,  363      ^^^^| 

Dllftwan,  LackawauuH  &  WuMtuni, 

effect  on  revenuev*.  362                        ^^^^B 

321 

general  conditions,  348                       ^^^^H 

Erie,  323 

Drainage,  388,  467                                 ^^^B 

Kanawha  it  Michiipiu,  320 

Draft  gear,  179                                              ^H 

Norfolk  A  Western,  325 

Draw-lMU*  pull,  calculation  of,  148               ^^| 

Fenneylvania  R.  R.,  319,  322 

Driving  mechanism,  146'                           ^^H 

Cylindsra,  locomutivo,  141 

^^^^H 

"blind,"  146                                       ^^^H 

UamaRes  in  track  ctevatiun,  343 

diameter        146                                 ^^^^H 

Uan^r  on  8infi;l4>  track,  369 

Dynamometer  car,  160                         ^^^^H 

Ut-erepitude,  63 

DynamometCT  test  chart,  1B7             ^^^^H 

Deferred  maintenance,  tM 

^^^^H 

Degree  of  <.-urve: 

Karly  railroads:                                      ^^^^H 

choice  of,  310 

tiret  operated  in  Americft,  7             ^^^^| 

dofiucd,  426 

locomotivefi,  3                                     ^^^^^B 

Delaware,    Lackawanna    &   Wentt^ni 

of  the  Central  West,  13                    ^^^^| 

R.  R.: 

operating  conditions  on,  9                ^^^^^H 

cut-off,  321 

over  the  Alleghenioe,  11                    ^^^^^| 

grades  on,  2tiU 

rates                                                    ^^^^H 

Demurrage,  1 28 

^^^H 

Dennia,  A.  C,  244 

^^^^^ 

Denver  &  Rio  Gnuide  R.  R.,  18 

calculations,  451                               ^^^^H 

Departmental  sjrslem,  33 

seetions,  451                                       ^^^^^| 

Depreciation: 

shrinkage  of,  455                             ^^^^^| 

defined,  63 

Kronomical  haul,  460                            ^^^^^| 

iBBtbod  of  estimating,  04 

Kmnonuc  a|)ecd,  206                             ^^^^H 

operating  expeiuwii,  94 

hxlge  raila,  2                                                   ^^| 

rsMrve,  M 

Klectrie  traction:                                     ^^^^H 

Depremion  of  streota,  340 

oonditionn  favoring,  161                   ^^^^H 

Detourv,  416 

intcrurttan  ear«,  377                           ^^^^| 

Development,  41tt 

I'^crtriRcation:                                         ^^^^^| 

Discrimination  and  tcb&tillg^  40 

advantages  and  dihudvaDtagee,  102  ^^^H 

^^m           610                                          INDEX 

^^^^^M 

^^H          ElrctriBcation— Omi/i'ntf«f 

^^H 

^^^1                hrnkitiR  of  nm,  267 

ooal.  136                                ^^^H 

^H               C.  M.  &  Si.  P.  Hy..  328 

economy  in  electrification,  l^^^f 

^^^P               mnia'<  of  incn>n.^itig  capacity.  350 

lignite,  135                                  ^H 

^^^1            Elevators,  groin,  100 

oil,  136                                         H 

^^^1            Elevator  and  K-urehouae  siirvif^e,  128 

opcmting  expense,  l(K.  105        ^H 

^^m           Elkins          44 

peat,  135                                     ^M 

^^^P          Eminent  domain,  37 

stations,  100                                  ^^M 

^^^K          Engine  houses,  100 

Fuel  consumption:                         ^H 

^^B         Gnpne-mUe,  unit  of  operating  ax- 

engine  not  working,  260              ^^M 

^^H                 peoaee,  114 

on  grades,  261                             ^H 

^^^H          EnginecriDg: 

on  rise  and  fall.  262                     ^H 

^^^H              cost  of,  444 

with  varied  cut-off,  260              ^H 

^^^H               org&Dization  of  force,  32,  44Q 

Funded  dcht,  28                                ^M 

^^H           EqiuU  anntiol  paymftot  method  65 

^^ 

^^^1           Kqiiipment: 

GiUena  &  ('lucago  irnion  R.  R.,  13 

^^^1               tnointf^nance  of,  101 

Gau0O,  wlopiion  of  &t&ndanl,  2,  S^H 

^^^1               operating  pxjienso,  287 

Ceneml  exfienses,  107                      ^H 

^^^B           Eri<!  Cannl  route,  12 

Oeokigical  exploratiooa,  403          ^H 

^^^A           Evatis,  ()Ii\Tr,  3 

Georgia  It.  11.,  19                    ^^H 

^^H          Ev&pc»-ati<m  in  toromotiw  boilers,  149 

Georgetown  loop,  418              ^^^^H 

^^H           Expediting  Act,  41 

Goes.  Dean  W.  V.  M.:            ^^^| 

^^^1            Expenses.     (See  Operating  ICxpcnaes) 

experiments  on  boiler  loiBM,  l^l^l 

^^H 

experiments  on  train  resislance,  1^^ 

^^H          Fast  freiiibt  linm,  103 

Going  value,  07                                      , 

^^^B           Foderal  cxintnil,  mithnrily  fur,  3A 

Good  will  value,  67                        ^H 

^^^V           Fonc(«,  R-  c>f  V^^  an<i  snow,  \)9 

Grade:                                            ^^^ 

^^^B             ritiginen,  diiiim  of,  307 

coimoinitid,  325                            ^^M 

^^^L            FEoct  ftyateni  of  nperatiim,  349 

effect  on  train  loa<ta»  221            ^^M 

^^^B           Filiating  i^qiiiptnenl,  106 

length  of,  23(>                                ^H 

^^^V           Faundalioiw,  chuioe  of,  484 

on  ligliT  traffic  raitwaytt,  232       ^^M 

^^^H           Fiunrhiiwfl: 

oti  siding!),  233                               ^H 

^^H              granting  of,  SO 

s>-Hteni,  210                                    ^^^ 

^^H              -raliK  af,]66 

value  of  reduRtioQ,  230         ^^^^| 

^^H          Freight  can: 

viniMl,  239                           ^^^1 

^^^H              economy  of  large,  177 

Grade  cro»ngs:                     ^^^^| 

^^^1              nting  iu  Cooiwr's  loads,  176 

dassifitHl,  330                        ^^^^H 

^^^1              weight  and  dioHiuitms,  174 

deln>-s  to  Inkffic.  336           ^^^H 

^^^B          Freight  traffic: 

elimination  of,  330              ^^^^| 

^^H              djueifioation  of,  75,  201 

tniffic  at,  ??5                        ^^^H 

^^^H              proportioGt  from  e&rh  claso,  76 

Grade  (verb)  defined,  475                ^H 

^^^1              proporlion  ori^nating  on  line,  77 

Grade  tine  defined,  475                   ^H 

^^H              t}!)!^!!  nitce,  77 

Grade  point  drEjuxl,  448         _^^^^^ 

^^H          Friction: 

Grade  mistance,  220             ^^^^H 

^^H              iaunuJ,  188 

Grade  reduction:                    ^^^^H 

^^H              OD  rftil.  156 

time  element  in,  336           ^^^^H 

^^H              rolUng,  190 

H.  eJeetrificatiao,  diU        ^^^^H 

iMiM*                               ^M.                                                       ^^^^^^1 
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Grades: 

Intangible  values,  66                             ^^^^^H 

adjiBtraont  for  unlKilftnced  traffic, 

Intcrronneoting  railroads,  Ifi                   ^^^^^| 

^73 

Interest  durinft  coiiitlTUction,  62             ^^^^^M 

character  of  traffic  affected  by,  234 

Interstate  Corameree  Act:                     ^^^^^| 

compcijsatwn  for  curviiture,  "JiMi 

authority                                            ^^^^H 

effect  of  character  of  iJTiffic,  278 

li>nK  and  short  haul  clause,  48            ^^^^H 

effect  on  pu^siiitfcer  Trafiic,  225 

provisions  of,  43                                  ^^^^H 

for  unlialanced  tniffic,  275 

scope,  40                                                  ^^^^1 

helper,  economy  cif.  266 

Interstate  Commoroe  Comnusnion:          ^^^^| 

intcriirban  railwaya,  380 

functions,  42,  43                                            ^^H 

Grsde  Mparatioa: 

organization,  42                                     ^^^^H 

apportioament  of  coet,  338 

Intenirban  railiva>-8;                              ^^^^^M 

cofit  of,  MB 

dev-elopment  of,  371                              ^^^^^| 

econoinira  of,  .1.11 

general  features  of  location,  374         ^^^^^M 

tnifir  thai  jiwtilieH.  Xa 

traffic  on,  371                                         ^^^^| 

tiradinK,  coAt  of,  475 

lD\*ontioua,  22                                        ^^^^^M 

Grat«,  locomotive,  134 

'^^^^M 

Groai  Northern  R.  R.: 

Land  granta,  22                                      ^^^^H 

built,  19 

Lund  valui's,  61                                       ^^^^H 

cost  of,  4S7 

Lovelnian,  iluticit  of,  3l9S                          ^^^^^M 

Gross  re\-enu«8  and  expenses.  92 

Li^ht  traffic  railwavK:                            ^^^^^| 

Gniblung,  cost  of,  475 

grades  on,  232,  233                             ^^^^| 

untmlanced  traffic  on,  277                  ^^^^H 

Haokworth,  I'^mothy,  3 

LiKnitu,  fuel,  1,35                                        ^^^^H 

FIauI: 

IJnc  chanHDfi,  312                                      ^^^^^| 

definLti.  456 

Locating  cnpneor,  395                           ^^^^^| 

enonomical,  4fiO 

Location                                                      ^^^^^| 

frpe.  458 

factors  entering,  71                            ^^^^^| 

Hniipt,  (icn.  Herman,  285 

formula  orilerion,  71                     ^^^^^^^| 

Hii£ard  at  i^adc  croasiogs,  334 

value                                             ^^^^^^H 

Heating  area,  136 

Location  survey:                                    ^^^^^| 

Hedley,  William.  3 

cost  of,  445                                          ^^^^H 

Helper  (uigiiie«,  265 

notes  on,  437                                             ^^H 

Helper  gradox.  200 

province  of,  416                                  ^^^^^| 

HiKhwu>-»,  cflwt  on  traffic,  74 

Locomotive:                                            ^^^^^| 

HinP,  Cbarlee  D .  33 

a  power  plant,  133                               ^^^^H 

Horee-powor   ctttivcrtcd   to   tnctivo 

boiler,  134                                                ^^^| 

K          effort,  152 

cyliodcrs,  141                                      ^^^^| 

B  "Boreeshoc"  curve.  417 

Locomotives:                                          ^^^^^| 

1 

danification.  140                              ^^^^| 

■  lUtnois  Centml  R.  R.,  13 

comparative  perfonnance,  172            ^^^^| 

Improvement,  defined,  314 

compound.  144                                    ^^^^^M 

Inadeqtiacy,  04 

oonwlidation,  156,  344                        ^^^^| 

Indicator  isirdB,  141 

economy  of  targe,  150'                        ^^^^H 

Induatrial  tracks.  127 

rl'Ttric,  108                                                 ^^^H 

Inertia,  effect  uf,  191 

(■s.^i-n(ial  features  of.  133                       ^^^^H 

healing  ano  of,  130                          ^^^^H 
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^^^P             Locomolives — Cnntinwd 

Milwaukee  *  Prairie  du  Chien  R.1tj 

^^^                  Mallr>t  ni'ticulnUHl,  145 

13                                      ^ 

^H           Mikado.  147.  laa 

MiimeaoUi  Rate  Caaee:               ^^| 

^^^H                  powtn-  of,  14S 

statement  of,  51                     ^^ 

^^^H                  ratinK  in  Cooper's  Inadinps  178 

Supreme  Court  decision,  52 

^^^H                rdatioD  of  wdglit  lo  irartive  effort, 

Minor  detAJts,  279                       ^^ 

^^B 

Mobile  ft  Ohio  R.  R.,  20            ^H 

^^^B                  ipeed  charuci(^ri»itir!t  nf.  240 

Momentum  grodes:                             ' 

^^^1                 weightA  and  ditnensiontt,  179 

effect  on  tonnage  rating,  244  ^n 

^^^B                  wheol  Ihuics,  302 

feasibility  of,  238                       ^Hj 

^^^B             Locoinoiivi?  miing,  203 

length  of,  241                    ^^^H 

^^^H            Lotwrnotive  rmistAiKves,  152 

practical  use  of,  254         ^^^^H 

^^^1              Loomotj^T  tiwtjnK,  I5S 

theory  of.                          ^^^H 

^^^B             Long  and  short  hnul  clauses,  47 

velocity  heads.  236          ^^^H 

^^^B             Looite  ruck,  476 

Montiily  cstimntes.  469        ^^^| 

^^H             Loupo,  413 

Monuments.  403                         ^^B 

^^H             LcMseft,  boiler,  140 

Motors:                                       ^^B 

^^B             Loit  time.  366 

cluases  of  electric,  1G4               ^^| 

^^H             LouisvUlc  &  iVaehv-ille  R.  R.,  20 

perfonnaiioe  on  grades,  167      ^H 

Itower  of  electric,  165                 ^^ 

^H             "At"  spocd  at  full  stroke.  148 

rating  of,  166 

^^H              "Af  "  uiiil.  uf  train  \(tad.  204 

Motor  velueles,  effect  on  traffic.  Hi 

^^1              McHenry,  K.  H  .  385 

"Mule-shoe"  curves,  417 

^^^1             Mail  and  express,  90 

Multiple  tracks,  306                    ^H 

^^^H             Muiiitcuuiicc,  deferred,  C4 

■ 

^^^B             Maintenance  of  way  uod  structures: 

NashvUle  Jc  Chattanouga  R.  R.,  2(T 

^^^H                  analjitiii  uf ,  1 16 

Natioimiiiution  of  railways,  39    ^^ 

^^^B                distribution    to  line   and  siding, 

Nebraska  Rate  Case,  59              ^H 

^^1 

Net  euruiugs,  vuluution  by,  SO  ^^M 

^^^B                law  govcmiuK.  48 

Newcastk'-^tL-Tyne  railroad,  2    ^^B 

^^^B                operating  expciuMj,  98 

New  York  law  uu  corporations,  d^H 

^^H                proportion  affcct^-d  by  Irallic,  125 

New  York  Ccutral  R.  R.  rat4Wj^^| 

^^^B             Mallet  locomotive,  145 

Northern  Pacific  R.  R.:        ^^^^M 

^^H            Maps: 

18, 24                         ^^^1 

^^B                  detail,  407 

shipe  rails  to  Japan,  278         ^^B 

^^^H                 pai)cr  fi>r,  407 

Notes:                                  j^^^H 

^^^B                  preliminary  etirvcy,  405 

erosB-section,  449               f^^^^M 

^^^B                right  of  wuy,  430 

location  survey,  437         ^^^^H 

^^^B                use  in  rccoiioaiasaDoe,  390 

preliminary  survey,  400          ^^M 

^^H             Masonry  Htruciurcs,  480 

reconnaissance,  391           ^^^^H 

^^H            Mass  diagram: 

^^^H 

^^^B                 ntethod  of  L-onstruction,  457 

Obsolescence,  63                          ^^B 

^^^B                  pn>i>ertios  of,  457 

Officers  of  a  coriwratton^  20        ^^B 

^^H                      lKtf8  of,  460 

Oil,  fuel,  130                               ^H 

^^^B             Mejwtiniblc  items,  inventory,  62 

"Oklahoma  Formula,"  124          ^M 

^^^H             Mikado  locomotive,  147,  156 

Operating  expenses:                    ^^H 

^^^B             Mili>af[t>  nf  ratlwaya,  22 

analysis  of,  109                 ^^^^M 
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Prismoidal  rorrertion,  453 

^fl 

t          riandfication  of,  96 

Prismoidal  formulii,  452 

^^^1 

1        defuiition,  M 

Profile: 

^^^1 

^^K  difltribution  to  service,  132 

loratjon,  437 

^^^1 

^^y  m&inteDanre  of  way  and  structures, 

prdimiimry,  408 

^^^1 

^^          115 

Progress  maf"*  utid  profilns,  468 

^^^1 

^^^  per  ton-mUc,  118 

l^rtigrcss  reports,  468 

^^^1 

^^B  nimmary  of,  97 

PromotioD,  26 

^^^1 

^^B  variation  of,  156 

l^isfaer  grades: 

^^^1 

r     Operating  ratio,  97 

lialancing  with  tlirough,  367 

^^^1 
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^^^^M             effect  un  oporatinR  cxpcnaea,  257 

Soutliem  railroads,  19 

^^H          Rivem,  aloiM-  of,  388 
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^^^H              OS  lUTeclin;;  roadn-ay,  176 
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dmactetwUca,  274 

oompainon  with  other  roadi,  81 

oompetilm  mkI  oao-coniieCitive, 
282 

ooanectioB  lines,  86 

eatiniAte  fmm  wiurcca,  81 

bomf  utd  exchange,  382 

on  intprnrbui  lines,  92 

nftil  aad  BQUm^  90 

operating  wyawe,  IQB 

psr  capita,  78 

per  mile  of  road,  77 

tnibduiced,  273 

unit  of  operating  cxpeiues,  113 

variation  with  population,  88 
Traffic  density: 

on  double  track,  369 

on  flingle  track,  308 
Train  toading: 

eecnony  of  heavy  loads,  211 

increase  in,  212 

policy  of,  200 
Train-mile: 

operating  expcnsAs  per,  116 

unit  of  operating  oxpentiGs,  114 
Train  reiistanoe: 

ntn»Mpbcric>,  1H5 

rliiMJIicAtion,  iM 

iliio  lit  (MirvGtt,  2IM 

(■l»>iT.rir  infonitlian  trains,  378 

external,  \R5 

formuUit  for,  19.1,  370 

fmnt  end,  186 

inertia,  190 

jmunal  frictian,  188 

looomotive,  184 

puKnger.  198 

rolling  friction,  190 

starting,  189 

track.  188 

weather  effect,  199 

wheel,  188 

wind,  1S7 
Traini).  making  up,  302 
Tmiu  plates,  8 
Tram  ruadti,  2 


TVuHOOKtiiimtal  raiboacb,  17 
Tkuatanan,  duties  ol,  396 
TYuHpofflation: 

for  IDTUtlUBBt,  lOB 

rail  line.  103 

water  tine.  107 
Trenttiick,  Robert,  3 
Trestk  or  cn]l)anknient,  473 
Trestles,  pile  and  frame,  477 
Tributary  population,  eatiinate* 
Tunnel  cut-offs.  319 
Tunneling,  423 
Tunnels: 

center  line  and  grade,  462 

objections  to,  473 

Burveys,  441 
IVnneU  and  subvaya,  9S 
Tunnel  vs.  open  cut,  473 
Turnouts,  spacing,  483 
'I'umpike,  forerunner  of  railRMUIt  31 

Unbalanced  traffic: 
adjustment  of  grftdea  for,  27S 
rondilionR  that  mtiw,  274 
nvercome   by   ofiemting    nicl 
278 

Union  Pacific  R.  R.,  18 

Unit  priiXM,  det«rminiLtiun,  of,  60 

Unit  of  operating  expense,  ll! 

Unit  type  of  organixutiuu,  33 

Valloy  lines,  389 
Valuation: 

a  basis  of  rates,  46 

capitalization  and  issuance  of  bonda 
67 

facilitate  accounting,  6B 

field  work,  67 

meaning  of,  53 

methods  of  making,  .'>5 

purchase,  for,  57 

purposes  of,  54 

rate  making,  58 

taxation,  56 
Value: 

de&uitiuo,  64 
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fair,  59 

going,  67 

goodinllt  07 

intangible,  54, 66 

location,  67 

physical,  54 
Velocity.    (See  Speed.) 
Velodty-distanee  curves,  244 
Velocity  beads,  236 
Vertical  curves,  434 
Virtual  gradient,  239 
Virtual  profile,  239,  256 
Volume  of  traffic: 

ccmditionfl  affecting,  72 

effect  <^  location  of  8tati<xi,  83 

effect  of  jvozimity  to  souroe,  81 

functicm  <d  p^^iulation,  86 

rdati<Hi  to  location,  71 

Wandsworth,  railroad  to  Croydon,  2 
Warehouses,  maintenance,  100 
Water: 

hardness,  138 

stations,  100 


Water  suppBes: 
ecaoomies  of,  13$ 
surveys  fix*.  467 

Watoiray,  calculation  of,  465 

Wear  and  tear.  64 

Weather,  effect  on  resistance,  199 

WdUngton,  A.  M.: 
effect  of  distance,  284 
locatim  of  stations,  82 
strains  in  locomotive,  287 
rise  and  fall  classified,  255 
rule  for  selecting  grades,  230 
train  reeistanoe,  195 

Western  Rate  Advance  case,  60 

Wharves  and  docks,  100 

Wheel  bases  of  locomotives,  146,  302 

Whitney,  Asa,  17 

Wilgus,  J.,  63 

Winan,  Ross,  22 

Wind  {vessure,  186 

Wooten  type  of  boiler,  134 

Woridng  cajHtal,  62 

Yard  station,  unit  of  haul,  456 
Zigxsg  development,  417 


